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-,plantings in a subimpoundment in which water levels were controlled, and on

two shoreline sites (a mudflat and a sandy beach). Twenty-nine native and
naturalized riparian species were tested.

In the controlled impoundment test site, willows (Salix fragilis and .. ,
Salix purpurea), dwarf spikerush (Eleocharis coloradoensis), and two sedges -

(Carex obnupta and C. rostrata) were the most successful species. Inundation
depth and duration were found to directly affect performance of the tested .

plant species. The impact of weather and wildlife confounded treatment ef-
fects on plant growth and survival at the shoreline sites. Only softstem
bulrush (Scirpus validus) survived all inundation treatments on the shore-

line for the duration of the study. -

Results of this study show that several species have a potential for

use in shoreline revegetation efforts. Environmental constraints other than
flooding effects were identified* .but means to mitigate their influence will S. m
require further study. The information gathered in this study is applicable

to other shoreline sites on power production reservoirs in the region.
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This report was prepared as part of the Environmental and Water

Quality Operational Studies (EWQOS) Program, Task IIE.1, "The Environ- -,

mental Effects of Fluctuating Reservoir Water Levels." The EWQOS Pro-

gram is sponsored by the Office, Chief of Engineers (OCE), and is

assigned to the US Army Engineer Waterways Experiment Station (WES), ? _I

under the purview of the Environmental Laboratory (EL). The OCE Techni- --- ':

cal Monitors were Mr. Earl Eiker, Dr. John Bushman, and Mr. James L.

Gottesman. Dr. J. L. Mahloch was the WES Program Manager of EWQOS.

The report was written by Dr. R. D. Comes and Mr. Timothy McCreary

of the US Department of Agriculture (USDA), Agricultural Research Ser- :. ,

vice (ARS), Prosser, Wash., and was submitted in fulfillment of a cooper-

ative agreement among the USDA; the US Department of the Interior, Fish

and Wildlife Service; and the WES. The ARS conducted the research in

cooperation with the Washington State University Irrigated Agriculture J
Research and Extension Center, Prosser, Wash.

The original concept for this research was developed by Mr. Hollis

Allen of the Wetlands and Terrestrial Habitat Group (WTHG), EL.

Mr. Allen, Mr. Charles V. Klimas, and Dr. Stephen G. Shetron, WTHG, re- .. ,

vised the manuscript. Mr. Darrel Sunday, Natural Resource Manager, Lake

Wallula Project, US Army Engineer District, Walla Walla, provided valu-

able assistance during the conduct of the study. Ms. Jessica S. Ruff of

the WES Publications and Graphic Arts Division edited the report.

The work was conducted under the direct supervision of Mr. Allen

and Dr. Hanley K. Smith, Chief, WTHG, and under the general supervision

of Dr. Conrad J. Kirby, Jr., Chief, Environmental Resources Division,

and Dr. John Harrison, Chief, EL.

COL Allen F. Grum, USA, was Director of WES and Dr. Robert W. .'-

Whalin was Technical Director.

This report should be cited as follows:

Comes, R. D., and McCreary, Timothy. 1986. "Approaches to
Revegetate Shorelines at Lake Wallula on the Columbia River,
Washington-Oregon," Technical Report E-8b-2, US Army Engineer
Waterways Experiment Station, Vicksburg, Miss.
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CONVERSION FACTORS, NON-SI TO Si (METRIC) 4'.

UNITS OF MEASUREMENT

Non-SI units of measurement used in this report can be converted to SI 1

(metric) units as follows:

_____i y- B To Obtain

acres 4046.873 square metres

feet 0.3048 metres

feet per hour 0.3048 metres per hour

inches 2.54 centimetres

mi les (tIS statuite) 1.609347 kilometres-

pouinds (mass) per acre 0.000112 kilograms per square
met. re

square mi les 2.589998 square kilometres

3

W fe vW 9 W IV 1W 1W iv is 1W- Wq *



....'- .- '.A

APPROACHES TO REVEGETATE SHORELINES AT LAKE WALLULA ON THE

COLUMBIA RIVER, WASHINGTON-OREGON

mb

PART I: INTRODUCTION
*.*'..*.-, , *,

Background

1. From June 1979 to July 1982, personnel of the US Army Engi-

neer Waterways Experiment Station; the US Department of the Interior,

Fish and Wildlife Service, Biological Services; and the US Department

of Agriculture (USDA), Agricultural Research Service, conducted a

field stu-y to identify plants suitable for revegetating denuded draw-

down zones along the shoreline of Lake Wallula (McNary Reservoir) on

the Columbia River. These areas are often unsightly, are conducive ____

to accelerated bank erosion, and are often much less valuable as fish ,

and wildlife habitat than vegetated shorelines.

2. Ten woody and 19 herbaceous species that were native or

naturalized in the area were evaluated at three experimental sites

established on the Oregon shore. The primary site was in the McNary

Wildlife Park, where an impoundment was constructed that permitted

precise control of the depth and duration of inundation. Two sites

were along the shoreline of Lake Wallula: one was on a shallow mud-

flat and the other was on a sand beach. Depth and duration of inunda-

tion at the shoreline sites were variable, since water levels of the

lake are dictated by power, flood control, navigation, and fisheries

needs.

Study Area

3. Lake Wallula was formed in 1957 following completion of ' .

McNary Lock and l)am, a Corps of Engineers project operated primarily

for the production of hydroelectric power. The dam is located at

river mile 292 on the Columbia River, which, in this area, forms the ...

J.a
4. . .. .
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boundary between Washington and Oregon. At normal pool elevation, ..

340 ft* msl, the lake covers 38,000 acres and has a shoreline of V.

242 miles, extending into Umatilla County, Oregon, and Benton, Franklin, __ "

approximately 215,000 square miles (US Army Corps of Engineers (USACE)

1975). Figure I is a regional map showing the location of Lake Wallula.

SEATTLE SPOKANE - .

a. ISWAS H I NGT N

WALLA ":";'0 0

PORTLAND IALLULA

Figure 1. Regional map

4. A continental climate predominates in the study area, with

wide daily and seasonal temperature fluctuations. Annual precipitation - '

for the region is in the 10- to 20-in. range, although average annual

precipitation at Umatilla, Oreg. (near McNary Dam), is only 7.83 in.

Most of the regional precipitation (55 to 75 percent) falls between

I October and 31 March and consists primarily of snow (Oregon Coopera-

tive Wildlife Research 1976).

" A table of factors for converting non-SI units of measurement to
SI (metric) units is presented on page 3.
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5. The geology of the study area is dominated by relatively -

recent formations, most notably the dark gray, fine-grained Columbia

River basalt. Soils of the region are variable, although they are

generally derived from alluvial materials and do not exhibit complex

profile development.

6. The McNary Dam area is iii the Artemesia tridentata - Festuca

vegetation zone of the steppe region of eastern Washington and Oregon

(Franklin and Dyrness 1973). Vegetation near the dam is of two distinct

physiognomic types: steppe (or shrub-steppe) and riparian (riverbank)

vegetation, which includes arboreal species (USAGE 1975). The arid

steppe vegetation is typical for the region and is characterized by a Z

I conspicuous shrujb stratum including Artemisia tridentata, Purshia tri-

dentata, Atriplex spinosa, arid species of Chrysothamnus. The riparian

vegetation is dominated by Populus trichocarpa, Populus deltoides,

Elaeagnus angustifolia, andi species of Sal ix. Other woody plants in-

dlude florus aiba, Ribes aureum, and species of Rosa. Herbs and grasses W-

founld near the water's edge include speci es (if Carex, Juncus, Typha, -

Scirpus, Polygonum, and Phala -is (IJSACE 11175).

6
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PART II: METHODS AND MATERIALS

Site Preparation

7. In 1979, three field sites were established on the Oregon

shore of the Columbia River. Two of these sites were within the fluc-

tuation zone of the river: one on a protected mudflat at river mile 299

(Cold Springs) and the other on an exposed sandy beach at river mile 301 -.

(Bobbie's Beach). The third site (Control Pool) was in a subimpoundment

located iii the southeast corner of the NcNary Wildlife Park at river

mi le 291. The Control Pool was constructed to permit precise and con-

sistent automated inundation treatment.

8. Composited soil samples from each site were analyzed to deter-

mine fertilizer requirements (Table 1). The prescribed materials (in-

cluding a slow-release fertilizer) were applied with a centrifugal

spreader, except for boron at Bobbie's Beach, which was applied as ail

aqueous spray. Fertilizer was incorporated by hand raking on the shore-

line sites and by rototilling at the control pool.

Table I

Fertilizer Recommendations b Site for the 1979 Growing Season

Rate
Locat ion Ilb/acre Fertilizer ". ..__'_

Control Pool 560 18-6-12 (Osmocote)
31 ZnSO4

3 B (Solubor) ". -. - .

112 0-45-0 (Triple Super Phosphate)

Bobbie's Beach 560 18-6-12 (Osmocote)

3 B (Solubor)
168 0-45-0 (Triple Super Phosphate)

Cold Springs 560 18-6-12 (Osmocote) -. '.

9. Plots were est ihi ished at thmree or four elevation contours

(tiers) at each experimental site, as given in Table 2. The fluctuation

SM. -.
7



Table 2

Inundation Data for the Three Experimental Sites -Lake Wallula

Elevation - ~ Depth of Maximum
Control Pool ft insI Inundation, ft

Tier I (TI) -- 4.5
Tier 2 (T2) -- 3.0 ~
Tier 3 (T3) 1.5 N
Tier 4 (T4) -- 0

*Bobbie's Beach

Tier I (Ti) 338 2
Tier 2 (T2) 339 1
Tier 3 (T) 340 0

Cold Sprinrgs

Tier I (TI) 33 7. 5 2.5
Ti er 2 (T2) 337.75 2.25
Tier 3 (T3) 338 2

*limits of tile Lake Wallula forebay are 335 to 340 ft insi. Thus, the

* plots at Bobbie's Beach planted at contour 340 were not inundated.

* Fluctuiation limits at the control pool were controlled so that thle upper

tier (Tier 4) was not inundated (Table 2).

Plant Procurement

10. The native or natural ize] species listed in Table 3 were col-

*I ected from sites throuighout Oregon or obtai ned from commercial or re-

search nurseries in New York (Salix p)Urpurea var. nana) or Montana

(Robinia, Ribes, Sambucus, Cornius, Elaeagnus). Two herbaceous species

were lprocriired thre preced inrg falIl arid kept in pots at a nutrsery in

FH orencev, Oireg. , iir i rig t he winlter- anid int i I they were needed for pla1nt-it

irig (Eleocharis ovata ii Trifolium wormskjoldii). Starter plants of

dw,i r sp ikei' rsh (Eleochari s coloradoens is) wer, pro~vi ded by USDA re-

sear rhers at thle I'ller ty of CLa I i t urnia , Davis, arnd mul It i p1 i ed in t lhe

UJSDA greeriloiise it l'rosser , WaIsl . , njit i I needed. The remininmg sp(cie-S 7- -

were procured I loi v.i ri is Oregon sites ini early spring and brought

* directly to thle p1 ant ing site.

a. 
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Table 3

List of the Plant Species and Year Planted at the Control Pool and

Lake Wallula Shoreline Sites

HerbaceousWod ___

1979 1979

Carex aperta Elaea gnus angustifolia

Carex nebraskensis Morus alba

Carex obnupta Ribes aureum

Carex rostrata Robmnia pseudoacaGla

Carex vulpinoidea Rosa multi flora

Deschampsia caespitosa Salix fragilis

Eleocharis coloradoensis Salix lasiandra

Eleocharis ovata Salix purpurea var. nana

Eleocharis palustris Sambucus cerulea

Juncus balticus

Juncus effusus

Scirpus americanus

Scirpus validus

Typha latifolia

Trifolium wormskjoldii

1980* I 98O**

Carex lyngbyei Cornus stolonifera

Carex sheldonii Sal ix fragilis . -.

Polygonum persicaria Salix purpurea -.-

Sagittaria latifolia '_

Planted only at. Cold Springs (shoreline).
C. stolonifera Planted at Control Pool and Cold Springs; Salix
species planted at Cold Springs only.

9
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Experimental Design

11. Design of each experiment was a complete randomized block . '-

with four replications of each species on each contour (tier). Woody

and herbaceous species were not mixed in the design. The experiment was

repeated on the north and south shores of the control pool. Thus, there

were four replications on each bank, and data presented in this report r _V l -

are an average of those eight replications. The same plant species were

used at each site (exceptions noted in Table 3), although the randomiza-

tions of blocks and plots within blocks were changed for each site.

Each woody block contained eleven 1.5- by 2.4-m plots with 12 plants per

plot on 0.6-m centers. Herbaceous blocks contained sixteen 0.4- by

1.2-m plots with 10 plants per plot on 20-cm centers. An alleyway,

60 cm wide, was left between plots to serve as a walkway and as a buffer

zone between species.

Planting

12. Due to delays in site preparation and access, planting that

had been scheduled to begin in late April or early May 1979 was delayed

until the end of June and early to mid-July. During the delay, plants ___

were held in buckets of water along ditchbanks in full sunlight or par- -.

tial shade. Three weeks prior to planting, they were transferred to

moist sawdust beds (woody species) or shallow plastic-lined boxes filled

with water (herbaceous species) under deep shade. During this period,

all of the woody species broke dormancy, although those procured from

nurseries had been held in cold storage and were dormant when they ar-

rived. Considerable leaf development occurred while they were held in

the shade. Plants were maintained along ditchbanks and in deep shade ai -

total of 40 to 70 days prior to transplanting. The mean maximum tempera-

ture was 268 C when the shoreline sites were planted in late June, and

35.50 C when the test pool was planted in mid-July. Temperature exceeded

390 C on each of the final 3 days that the test pool was planted. All

plant materials were sets, slips, or rhizomatous plants that were topped

to a height of 30 cm.

I0"- 7*% 7.
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)3. Plots at Bobbie's Beach and the test pool were irrigated 'A..

daily during planting and for 30 days thereafter. Plots at Cold Springs

were riot irrigated because treatmnent (flooding) began imiediately after

planting was completed. Fluctuation treatments were begun 30 days after ~ .

planting at thie control anpWtolAalse

14. Each April, soilI samples were col lected f rom 10 random plots

in each of the two woody blocks per tier at the control impoundment and

Cold Springs. Three 2.5- by 30-cm cores were collected fromi each plot

and subdivided by depth into 0- to (5-cm and 15- to 30-cm subsainpies.

A composite sample of each set of stibsaniples from each block was air

dried immediately after collection and analyzed for the following

characterist ics: ~~

a. PH.

b. Particle size distribution.

C. Cation exchange caparity.

d. Salinity.

e. Phosphorus.

f. Potassi u1m.

g. Organic matter.

h. NO 3-n it.rogen.

j. Total N (lKjeldahl).

15. Soil oxidation-reduction potential was determiined by insert.-

ing 12 bright platinum electrodes* 15 cmi into the soil in a circular

paLte rn. The diameter of the electrode ring varied but was always less

than 20 cmi. The platinum electrodes were standardized in 0.1-percent LII76

ascorbic acid after the method described by Meek and Grass (1975). The

millivolt mee~was calibrat-ed using its own internal standard cir-

cu it ry. The electrodes were allowed to equilibrate 24 hr before the

Jansen Instruments, P0 Box 44021, Taconma, Wash. 98440.V
Corning Model 610A, Corning Glass Works, Medfield, Mass. 02052.

V ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ .IV I & - V 1 F 01 -W .A



voltage was recorded. The half-cell calomel was inserted 2 cm into the

soil if the plots were not inundated or 2 cm into the water if the plots

were inundated.

16. Dissolved oxygen and water temperature were measured at a

depth of 30 cm using a Yellow Springs Model 54 oxygen-temperature meter.

The oxygen meter was calibrated in air at the temperature of the water.

17. Water samples from each site were co]lected monthly, and tur- "

bidity was measured using a direct reading photometer.* These data are

reported in Jackson Turbidity Units.

Plant Performance Variables

,- Survival

18. In 1979 and 1980, surviving herbaceous plants on each plot

were counted 30 days after transplanting and at 1-month intervals during

the growing seasons. A plant was considered to be surviving if any por-

tion of the plant possessed green leaves or culms. During the first two

seasons, the colonial growth habit of several herbaceous species made

distinction of individual plants impossible. Therefore, in -1981 and "

1982, survival data of herbaceous species reflect only whether or not a

plot contained live plants. The surviving woody plants per plot were

counted on each sampling (late throughout the study.

Phenolo y

19. Each month, the phenological state of the plants in each plot

was determined. The six phenological categories were: (a) vegetative, ..

(h) tillering, (c) flowering, (d) arithesis, (3) fruiting, and (f) seed

dispersal

Vigor

20. Each month, the vigor of the plants iii each plot was de-

scribed according to the following categories: (a) dead, (b) declining

(either toward death or dormancy), (c) stressed, (d) stable, (e) new

shoot growth, (f) new rhizome growth, (g) dormant, (h) drought stress,

Model DR-El, Hack Chemical Company, Ames, Iowa.

12
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and (i) breaking dormancy. If the plants within a plot were producing

both shoot and rhizome growth, the value assigned was for new rhizome .- : K

growth.

Height and cover

21. Herbaceous plant height was measured to the nearest centi-

metre from the soil surface nearest the base of the plant to the tip of

the longest leaf. One to ten height measurements were taken from each

plot depending on the amount of plant cover that remained in the plot.

Measurements were taken at the approximate location of each original

plant. Thus, for example, if 80 percent of the plot contained plants,

eight height measurements were taken in that plot. One of six cover

values was assigned to each herbaceous plot to reflect the cover of liv-

ing or dead plant material, as well as the bare soil area of each plot.

These values and the percent cover they represent are given below. " "

Cover Value Percent Cover

Less than I

2 1-10

3 11-25

4 26-50

5 51-75
6 76- 100",-"€ ...- ,

The data for each species presented in the figures in Part Ill are the , .-

mean of eight plots for the control pool.

22. In 1979 and 1980, the height of each surviving woody plant,

from the soil to the tip of the highest surviving leaf, was measured to

the nearest centimetre. From these data, the plot tier means were deter-

mined for each species. In 1981 and 1982, many of the woody plant cano-

pies coalesced within their plots. On such plots, height of the tallest

plant was measured and the tier-mean was calculated. The area covered

by the plants was calculated by using the formula for time area of an

ellipse. The 1979 and 1980 cover data represent the mean cover area per

plot rather than per plant. This value was calculated by multiplying

the mean survival per plot by the mean cover per plant.

13
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Supplemental Data -.

Volunteer plants %

23. Check plots were subsampled at the beginning and end of each

season using a 15- by 30-cm rectangle to monitor the success of un- --

planted "volunteer" plants. Two subsamples were taken from herbaceous -

check plots, and five subsamples were taken from each woody check plot.

The data are reported as the number of individuals of each species per

square metre.

24. Each plot was inspected monthly for evidence of wildlife uti-

lization, insect damage, and disease symptoms. If any of the plants

were threatened by wildlife, insects, or disease, appropriate corrective

action was taken as necessary, available, or reasonable to correct or

alleviate the condition.

Treatment

25. Treatment consisted of the unpredictable periodic fluctuation

of the water level in the Lake Wallula forebay and controlled fluctua-

tions at the cont.rol pool.

26. The forebay elevation of Lake Wallula is influenced by sev-

eral competing interests and conditions. Among the more influential of "- "-

these are runoff volume, power production, navigational requirements,

and irrigation needs. Navigational requirements, by law, limit the max-

imum fluctuation in the f(,rebay to 5 ft (335 to 340 ft msl).

27. Although the forebay was unpredictable at any particular in-

stant, analysis of the hourly forebay elevations recorded in the McNary - -

Dam control room showed that the pool did not fluctuate randomly. The

forehay tended to fluctuate within the top 2 ft ot the prescribed limits

during the winter months, keeping the plants continuously flooded, while

during summer months the elevation fluctuated below the contour level of

the plots for relatively short time periods. A monthly summary of the

mean number of hours per (lay the forebay was within a particular .

V .V -, - .
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shoreline contour (July 1979-July 1982) is presented as Table 4.

28. Normal treatment of the plants at the control pool consisted

of fluctuating the water level 4.5 ft over a 24-hr period. The program _

changed the water level in 4-hr time blocks as depicted in Figure 2. - .

The tiers were flooded and drained at the maximum rate that the equip- '

ment would permit (80 min or 0.71 ft/hour for flooding, and 100 rin or " "" - " "" ""

0.63 ft/hour for draining) and then held at that level for the remainder

of the 4-hr period. Maintaining the pool elevation at its lowest point. ,
in early to mid-afternoon best approximated the Lake Wallula forebay

fluctuations in summer. The control pool was held at full pool during

the weekends and holidays, which also best simulated the forebay treat- _.- -:

meit . This f luctuat ion pattern produced the dai ly treatment presented

in Table 5.

29. An alternate fluctuation pattern was used during data collec-

tion and plot mai nt eance. Such alt.ernate patterns occurred during a

2-day period each month when survival , phenology, and vigor data were -

col lected or over a lO-day period three times during the summer when

height, cover, and survival data were collected. The alternate fluctua-

tion brought the water over the plots at the maximum flooding and drain-

ing rate from 1600 fir to 0600 hr the following day. The pool was held .

at its lowest point during working hours. Thus, plits were inundated

dai ly, but gained substant ial atmosplheric and photosynthetic exposure

during data collect ion. Other sigificant variations occurred in the

flricttat ion pt tern of the control pool during the winter of 1979-1980

and 1981-1982, when ice formation dictated maintaining full pool for

various periods to avoid extracting woody plants during periods of low

atmospheric temperature. These periods were for 41 days in 1980 and 33

(lays in 1982, dutring January and February. During the same period, the

Lake Wallula forebay did not recede below the upper tier of either shore-

]inc site.

30. Figure 3 presents the mean daily inundation of the Cold
q w

Springs site each month during the study. Analysis of variance indi-

cated that the highest tier received a significantly different treatment

than the middle and lowest tiers in 1980, but not in 1981.
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TIER 4 4.5 .e

TIER 3 3.0 . *-

TiER2 15

TIER 1 0

1600 2000 2400 0400 0800 1200 1600
TIME OF DAY, HR

Figure 2. Control pooi water fluctuation cycle

Table 5

Control Pool Treatment for 24-Hr Cycle

Depth of
I nluda t i on I nunda tion Duirat ion

Ti er ft Status hr

4 0.0 Not flooded 24.0

3 0.0-1.5 Flooded 2.0
Partially flooded 4.4

Not flooded 17.6

2 1.5-3.0 Flooded 10.0
Partially flooded 4.4
Not flooded 9.6

3.0-4.5 Flooded ]8.0 W
Partially flooded 4.4
Not flooded 1.6

17
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Figure 3. Mean daily iniindatioui of plots at Cold Springs,. .-----

Lake Wallula, 1979-1982

31. Throughout the remainder of this report, treatments will geri-

e rally be referred to in terms of tier or maximum water depths. However,-

* it should be remembered that these terms actually reflect the complex of

factors discussed above, including the timing, duration, and seasonality

of inundation.
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PART Ill: RESULTS /,

Soil Conditions

32. The soil chemical and mechanical analyses are summarized in

Tables 6-11. Soil pli arid organic matter were stable at the control pool

during the stujdy. Nitrate nitrogen decreased after the first year arid______

Ithiei remainied stable. Total nitrogen remained relatively stable at both

*t the shor-e I irie and cozit rolI pool , except i n 1981 when there was an unex-

* plained tenfold increase. Because total nitrogen reverted to its previ -

oils level after 1981, it is assumed that the analytical laboratory made

I~ dfec imial error in 1981 . Catinon exchange capacity was low and] remained

%tableI, whereas salts were high anid increased at Cold Springs. The de-

* crease of phosphorus anid potassium at time cont rol pool would riot he uin-

usua I for nmewlIy i nundated terrest rialI so i I . The increase of these

nuitrients was not predicted at Cold Springs arid suggests that siltation WE -

octn d ( onl thi s s it e.

'33. The nmechan ical anialIyses (Tabl es 8-9) show that the conitrol

p)ool soi unmde rwent sonme change in conmpos it ion once t rea tment hegan.

I Soji Ifor the pool was transported from a nearby upland hillI and was

1)r i n ci pa I I y a I oam . Inrunda tion arid wind eros ion removed much of the :.

s i I t cofit en t , danmg i fig t he cozmpos i t ion)i t o sanrdy I oani or 1 oamy sanrd . The

imd I Iat (Cold Sp r ings ) alIso unide rwent some change. The most subs tant ialIV

( hatige oce ii rred on 'Tier I iii 1980 whiere thle anmalIys is showed a cha nge

ronm i sandy Iloan t o a s ilIt l oan, i nd icat ing cons iderabl e s iIt at ion .

Dlata f rom Hobb ie's Beach indicate i t was time most consistent si te, with

*imod v ra t v I hi gh pit 11 1ow nuift r i e ift coo it en t , a nd u nc h anfg i g t extuifre.

34 . So iI i n T i e r I at the cooit rol p Jool was mode rat ely reduced and ]

*~ ~ i si ui ar t o t ha t i r3aCodSins(Table 11). Tier I arid Tier 2 -

at Cold Sprinigs had thme lowest soilI oxidiat jonm-reduct ion (Eh) values.

Thie imost jerAl d Sol IWas oil Tier 3 at the cont rol pool anid could be con-

*s idered nioder.itely wetll aerated. The Ell data directly correlate with

plairit groiwthm. However, duie to the large variability associated with t he

* ~techriipie for measui ring soil Eli, riot only in these data but in those

19 mi
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Table 6

Summary of Soil Chemical Parameters at the Control Pool, 1979-82*

Year -1
Parameter Tier 1979 1980 1981 1982

*PH 1 8.6 8.1 8.3 8.1
2 8.6 8.1 8.3 8.0
3 8.6 7.9 8.2 7.9 ~~
4 8.9 8.3 8.3 8.1

*% Organic matter 1 0.5 0.3 0.5 0.5
2 0.4 0.4 0.5 0.5
3 0.4 0.5 0.5 0.5
4 0.4 0.4 0.5 0.5

Nitrate nitrogen 1 8.2 1.9 1.8 1.9
(ppm) 2 3.3 1,4 1.8 1.9

3 3.1 1.4 1.6 1.8
4 2.7 1.4 1.7 1.8

%Total nitrogen 1 0.04 0.03 0.43 0 .0 4
(KjeldahiI) 2 0.04 0.03 0.45 0.04-

I3 0.04 0.03 0.44 0.04 7
4 0.04 0.02 0.39 0.04

Phosphorus 1 9.7 6.5 4.5 5.5
(ppm) 2 8.6 7.3 4.5 5.0

3 7.8 7.5 4.8 5.3

4 6.7 6.4 4.3 4.0
Potassium 1 318 251 165 166

(p)2 330 327 174 154
3 337 282 184 147
4 388 370) 343 304

Cationi exchanige capacity 1 9.6 9.6 10.1 6.6
(rnleg/ 10() g) 2 9.5 9.8 10.1 6.3

3 8.5 9.6 10.1 6.6
4 8.5 9.5 10.2 6. 7'

Salts 21 0.33 0.24 0.27 0.49
(InmhIIos/cm ) 2 0.29 0.27 0. 30 0.47

3 0.27 0.31 0.32 0.50
4 0.36 0.28 0.32 0.48

Values are means of 0- to 15-cm and 15- to 30-cm samples taken ini
April from both sides of the control pool. V:

20
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Table 7

Summary of Soil Chemical Parameters at Cold Skrings, 1979-82*

Cold Springs lw

Parameter ____ Tier 1979 1980 1981 1982

PH 1 7.6 7.5 7.9 7.7
2 7.5 7.5 7.9 7.8
3 7.6 8.2 8.5 8.3 r

% Organic matter 1 0.1 0.4 0.6 0.4
2 0.1 0.5 0.7 0.4

3 0.1 0.3 0.5 0.4

Nitrate nitrogen 1 0.9 0.1 1.7 2.2 '

(ppm) 2 0.9 0.2 2.0 2.4
3 ].0 0.8 2.2 2.1

%, Tota] nitrogen 1 0.02 0.02 0.48 0.05

(Kjeldahl) 2 0.02 0.02 0.65 0.05
3 0.02 0.01 0.41 0.05

Phosphorus 1 0.3 7.5 7 9 K.

(ppm) 2 0.5 9.3 10 9- -

3 0.8 6.2 6 6

Po t ass iumi 1 57 250 241 223

(pIND) 2 57 261 230 213
:3 70 381 469 369

Cation exchange capacity 1 4.7 8.5 8.8 6.1

(meg/10) g) 2 4.7 9.4 10.0 7.2

3 4.5 10.1 9.5 7.2

Salts 21 0.11 0.76 0.72 1 .46
(mI1lnos/can 2 0.11 0.62 0.75 1.36

3 0.11 0.40 0.65 1.38

Values are means of 0- to 15-cm and )5- to 30-cm samples taken in
AprilI

'taw
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Table 8

Summaryof the Mechanical Analysisof Soils

at the Control Pool, 1979-1982

Ye3 r
ParmeerTier 1991980 1981 1982

% Rock 1 - 0.0 --

* 2 o- .4 --

3 -- 0.0 -O W.-

4 -- 0.2-

% Sand 1 31.0 64.5 73. 5 64.9

2 38.5 65.2 73.3 65.0
3 44.4 64.4 72.8 63.5

4 44.0 61.9 73.4 65.3

%Coarse silt 1 42.6 27.8 24.1 30.3

2 38.9 27.2 24.5 29. 7
3 40.0 29.3 24.3 31.4
4 38.8 26.3 23.9 29.4

% Fine silt 1 5.4 1.7 1.3 1.2

2 6.0 0.8 1.4 1.5
3 3.3 0.6 0.9 I.A

4 4.2 2.9 1.1 0.7

% Clay 1 21.0 6.0 1.1 3.6

2 16.6 6.4 0.8 3.8

3 12.3 5.7 2.0 4.0

4 13.0 8.6 1.6 4.6

*Class I Loam Sandy Loamy Sandy %
loam sand l oam

2 Loam Sandy Loamy Sandy

loam sand I aD

3 Loam Sandy Loamy Sandy
loam sand loam

4 Silt Sandy Loamy Sandy - --

Iloaml loam sand l oam

22
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Summi~arv of the Mechanical Anlssof Soils

at CodSprings, 1979-1982

Year__

11arame tecr Tier 1979_198 1981 1982

% Rock1 -- -

% Sand 1 68.4 22.6 74.0 65.2
258.9 51.0 71.9 56.9
3 54.3 53.0 65.2 55.8

% Loa rst. siIt 1 26.0) 54.2 24.0 30.2
2 35 .4 4).9 25.5 38.9
3 39.3 4().6 32.1 38.8

i Fne s il 1 . 4.2 0.9 0.6
2 1.] 1.3 1.1 1.
3 1 .3 0.8 1.2 0.8

Wv1 4.1 19.0 1.3 4.0
2 4. 6 5.8 1.6 3.()

5]5.6 1.7 4.6

ClasO.s 1 Santolv Si I t Loamy Sandy * _

I (iJlil sauld Ioaml

.Iflly Sutldy Lo1unuv Sauidv

I 41111 Sj 111 satl 1 01

p. ~~~ tolI 111I llI
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Table 10

Summary of Selected Physical and Chemical Properties of Soils

at Bobbie's Beach, 1979-1982

Year** _____

Parameter Tier* 1979 1980 1981 1982

PH 2 7.5 7.9 7.8 7.9

% Organic matter 2 0.1 0.1 0.1 0.6

*Nitrate nitrogen (ppm) 2 0.9 0.23 0.9 1.1

* % Total nitrogen
(Kjeldahl) 2 0.02 0.12 0.08 0.014

Phosphoruis (ppm) 2 0.5 0.5 1.0 1.0

*Potassium (ppm) 2 57 68 93 67

*Cation exchange capacity
(meg/100 g) 2 4.7 5.3 4.!5 3.6

Salts (meg/100 g) 2 1.2 0.14 0.08 0.28

% Sand 2 98.1 96.5 96.2 99.0

% Coarse silt 2 0.8 1 5 1.2 0.2

*% Fine silt 2 0.4 0.3 2.0 0.1

% Clay 2 0.7 1.8 0.6 0.7

Class 2 Sand Sand Sand Sand

After the majority of the plots were washed away, onily one soil
sample (30 cores) was taken from approximately the TFier 2 elevation.
Values reported for 1980 are fall values; those for 1979, 1981, and

1982 were taken in the spring.
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Table 11

Summary of Soil Oxidation-Reduction Potentials, 1979-1982*

Site Tier 1979 1980 1981 1982 Mean

Control Pool 1 71 285 170 130 164

2 309 327 290 266 298 ,..

3 446 339 327 520 408

4 547 365 277 275 366 -. -

Cold Springs .-105 38 139 24

2 -- 186 -149 156 64

3-- 103 132 142 126

* Values reported are year-end (Sep-Oct) values.

reported in the literature, differences in plant growth cannot be con- -7

fidently attributed to variation in soil Ei.

Water Qualit y

35. Dissolved oxygen and water temperature data are given in

Tables 12 and 13. Dissolved oxygen ranged from 7.6 ppm on the river in

August 1979 to 13.5 ppm on the river in June 1980. Values in any par-

t icular month did not vary more than 2.4 ppm (September 1980) between

sites. These data show that there was not a substantial difference in

dissolved oxygen between the control pool and the river during the

course of the experi,,ent.

36. Water temperature ranged from 130 C at the control pool in

October 1980 to 280 C at the control pool in June 1981. The difference

between the shoreline sites and the control pool in a given month ranged

from 00 C (April 1980) to 11' C (April 1981). There was no trend in the

number of times the pool was warmer or cooler than the river. Du ring

the study, water in the control pool averaged I' C (-older than in the

river.

37. Water turbidity was low, with a mean of 20.8 ,JTU for the

25
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Table 12

Summary of Dissolved Oxygen (ppm), 1979-1982 ..-

Month Site* 1979 1980 1981 1982 __

*April CP -- 11.4 9.6 --

*River -- 11.2 9.7 --

May CP -- 10.0 10.4 11.2

River -- 12.0 10.3 10.7

June CP -- 11.2 12.2 11.2

River -- 13.5 11.1 10.4

July CP -- 9.0 10.1

River -- 8.0 10.1

*August CP 8.2 9.6 10.2

River 7.6 10.5 8.7-

September CP 8.2 9.6 10.6

River 8.4 12.0 10.0

*October CP 9.4 10.6 -

River 10.1 11.3 -

*CP Control Pool; value for river is the mean of the values

ohtined at the two shorelinue sites. 5
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Table 13 .

Summary of Water Temperature ( 0 C)Q9979-1982 *.:.:

Month site* 1979 1980 1981 1982

AprilI C1, -- 14 13 -

River -- 14 24 - .:

May C11 - 20 18 is

River -- 15 21 14

Junle CI' - 19 28 20

River -- 22 23 17

July CP -- 21 25 -

River -. 24 24 -

Atigust C1, 21 19 24

River 23 25 21

Septenther CP 16 20 14

River 22 19 16

Oct ober C!' 17 13 -

River 16 15 Aw 4M

CI' Cotrol P'oolI; valtie for river is the meatt of the valu~es
obtain ed at thle two shoreli ine sites.
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Table 14

Summary of Water Turbidity (JTU), 1979-1982

Mlonth Site* 1979 1980 1981 1982

* April CP -- 48 30 -

River -- 20 23 -

May CP -- 15 20 20 . 61

River -- 25 28 24

June CP is 1 40 10

River -- 20 23 18

July CID- 25 15 - S
River -- 25 18 -

*August CIP 13 10 20

River 17 10 18

*Sept ember CP 12 15 15

River 13 18 13

*October CP 42 10 -

River 14 3 -

** CP Control Pool; valuie for river is the mean of the values
* ~obtame Od at the t wo shore]line s itOs.

* cont rol pool andl 18. 1 .'TU for the river (Table 14). The highest value

* recorded'4 (48) was in April 1980 ini the control pool, and the lowest

-value (3) was ini October 1980) in the river. Turbidity probably (lid not

- ~~nI tience plant growth stibstanialIly, al though the silt depos ited oil

fo~liage wa ons ider-Able at t imes throughout thet study.

Tr ansplIant Per fot~rmiance -Control Pool

38 . TwetyV- one of t he' 21 spec ies eva] mted were sumcces sful1 on at ~
levas t one tontojr, at thle cont rol pool . Three herbaceous and two woody

* ~Species were 5ic(essfill at all f loodling depths, which ranged from 1.5 to

28
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4.5 ft. With the except ion of the three Salix species, unone of the

*woody plants performed well where flooding depth was more than 1.5 ft ,

* but 9 of the 19) herbaceous species were well adapted to flooding depths

of at least 3 ft. Herbaceous plants that performed best at the rn3ximum

* flooding depth of 4.5 ft were Carex spp). and Eleocharis spp.

39. Trarnsp lant performance and use by wild11i fe are discussed on

an individual species basis. The values given in the following discus-

* sion pertain to data froii the control pool only.

Herbaceous sj),(-es

40. Carex aperta. More than 95 percent of' the plants survived

the year of est abli shment , hut survival decl ined to between 64 and

78 percent oni a p1 ants/p lot has is the second year (Figure 4) . Withi the

except ion of Tier 3 (the second highest elevat joria tier), where all

* plants in one of eight plots died, survival (o0 a plot basis was 100 per-

cent thbroughourt thle experiment . Cover rema ined rallier static at about

2-5 to 50 piercent with the except ion of Tier 2 (the second lowest eleva-

t ioria I t ier) , where cover iic reased annualI ly to a f-i nal lIevelI of nearl-1y

100 percent. Height of plants at the teriniation of the experiment was

inversely proportional to the dep~th (anid duration) (if flooding. lie ight

ranged from 24 cm on Tier 4 to 93 cmi oii Tier I.

41. C. aperta suffered chronic clilorosi s throughout. the experi-

* merit . The degree of chi 0Y05is was equl among plants oir Tiers 2, 3, and

4 hut some t imrus was nonde t ec(tabhie on T'i er I . Thre symupt oms of ten receded

in late f a) I , hurt reappea red in early sp ring aind became flios I seve re du r-

i ng seedl prodluct i on.

42. The only apparent wildlife usage associated wi th this species

was the occurrence of two small mammunal burrow eut ranuces witini two plots

on the noniflooded tier (Tier 4).

43. Alt hough the siurvivalI of this species equtia led or exceeded

* thrat of other herbaceous species onf all tiers, it appears to be most

adapted to t he Zones f looded to depit is of I .5 to 4.5 ft 0

44. Carex lyn byei. This species was planted at Cold Springs in]

1980, hit it was riot pilarit(( at the coot rol pool. A demronist rat ion plot

pl 1ant ed a t ColIud Sp r i ns iin 19 79 inrd ica ted t le spec ies had good pot ent i alIV
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However, after its initial excellent establishment, survival declined

untilI i t nearly (died out by Sept ember. The species dlid not survive the

winter. No d isease symptoms , wi Idl ife, or i nsect ut ilIizat ioil were oh-

served onl this species.

45. Carex nebraskensis. Initial survival of C. nebraskensis was

68 to 85 percent and rema ined higher thtan 60 percent on the ujpper three

tier (Figr 5) Tlhe species had a high first winter mortal i ty on the

lowest tijer and never recovered appreciabl y. Survival oil the upper

three tiers remlainedi high (100 percent) on a plot basis throughouit the

* exlie r i men t

46. Cover increased dramatically fronm the first. to second growing ----

SeaJSOn onl Tiers 2 and 3 and remained high onl Tier 2. Cover onl Tier 3 Ak
decreased sharply inf 1982. Tis species did niot grow well uinder long

itfIlit ionl (ir dlry Coridi t ionls. Plant height and cover exhibi ted simi lar

tretids onl a t ier basis. Maximumti pl.ant hteighit (84 cmi) was onl Tier 2 int..

1992. -

47. Wj I d ife vuse of thti s spec ies was niot alila renit duj-rig t he ex-. .

peruierit Ch roit ( clhIi o ros i s al pea red (Iiiur ittg tite f irs t s ea sonl anid cott-

t i ittied thlrouighout thte experimenit . The symtptomns appeared pri uci pal I y i n

tie iippe r two tiers . Ch lo ros is would (ha racte r isticall1y occur sporadi-

laIiy plth ia )1ot ,arid Itie severi ty woulId t yp)icalI lvrag ronoet

Cottip l-t ely chlio rot ic with th ft rewe r shoots exhibit infg th lieast cit 0 i-

ss.A nii I d ruist it nfect- i ott occtirred i n 198]1 afid 1982.

48. 'Illk suirvitvalI afnd cover flit a ind ica te that C. riebraskensis

(,oti I d he si ti it a hI v f or rise 1fn t ntitode rate vi rawdlowft '.oie (I . 5 t o 3 f-t)

bilt that it wottl Il e utisuitable for the lower drawdownl andl upland

eniv i rottttteit t s.

49. Carex obnupta. Initial sturvival was mtediocre anid ranged fromt

*17 percent ott Tier I to 67 percentt ont Tier 3 (Figtre 6). Several pilanits

didl dhiring thte 19719- 1980 winter, b~itt some p~lants persi stedl in all plots,

exct-pt one( oit Tier 1. Thel( high survival rates (oil a plot basis) were

a( (oiipari ted by (ofis i st ett tizYoiie irotlict ioni wii (Ii f i I led itt thre plots

bly thle ti dd It of thet ti ird sutnmi'r ott Tiers 2 atttl 3. Growth was slower

on the lowest t ier, httt eventtialiv the se p~lots biegatn to fill in attd

AW W fW is M. . r WV 10



.7 -a--

100

80 
.

.60

a 40

20

100

80

2 I;

w40

20

100

75

u 25 *

10

0 ----- - _ _ _

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

TIER TIER TIER TIER
1979 1980 1981 1982

YEAR

Figure 5. Survival, height, and cover of Carex nebraskeinsis at four
- flooding depths at thle control pool1

32

-w W 4W t1 -W 4w 1 W w -1 w -W At

7 .-. . . . . . .



100

40

20

C0 -

40

20

20

75 -

aR 5

0
0 25

10

01 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

TIER TIER TIER TIER
1979 1980 1981 1982

YEAR

Figujre 6. Survival, height, anid cover of Carex obnupta at four
flooding depths at the cont rol pool *

33

aW IV 1W 10 -W .'- 1w IVe ~ 5



approached 75-percent cover. Rhizome growth was much slower on the non-

flooded tier.

50. Height of C. obnupta was second only to river bulrush__

(Scirpus vaiidus) among herbaceous species. Plant height increased each

* season anid reached a maximum height of 131 cm on Tier 2 in 1982.

51. There was no evidence of wildlife usage, even when the plants

were heavily laden with seed in 1981. No major plant diseases were

rioted except for milId chiorosis anid a mild rust infect ion.

52. Despite its low initial survival, the robust growth exhibited

by this species indicates that. C. obnupta is adapted to the drawdown

zone to a depth of 4.5 ft . Although it survived well on the noninun-

dated tier. growth was restricted.

53. Carex rostrata. Forty to 50 percent of the plants died dur-

ing the year of es;tahi i hient , but few plants died dunring the ensuing

winter. Sonie plants survived on all tiers, and these spread gradually

t Iirough rhiz nie extension , especial ly onl the three i nunda ted tiers . On

lie- kit-e r t hrc(- t ie rs , 50 to 1001 percent of the p lot a rea was covered by

his species during 1981 and 1982 (Figure 7). Growth on the lowest tier

was second only to Eleocharis coloradoensis arid C. obnupta. Maximum "'W
pi irit height inc rtised to slightly ove r I i on the second tier in 1982.

54. Wi thi t he ,xceptioin of one or- two smnall imain burrows orr

1i er .t lv- ri wa s no ev idence of wi I dl i fe usage.

% 5. CO Inos is occurred iii this species, arid its severity in-

rrt-asecd as depth of inoiidation det reased . fIn 1980 the chlorosis was

see )U~it lhs id(ed A.-; thle sea son progressed . fii 198 1, the cond it ion

Iincreased iii intens it'. as the year progressed. ]In 1982. the intensity

relfa iiied lilti I to (Imoderlit e orr the iiiiiridateil tiers and( moiderate to severe

oi1 t tii' F1o1 i liinda t ed t i e r.

')6. C. rostra La has excel lIent pot ent alI for revegetat ieon wit tini

* (l~tir drajwdown zone to the max imum depthf test ed (4.5 ft )- It does iiot ap-

peair to he sui tedl Ior upland habi tats. Tis species' produced a tetalI of

o(Iiv thItree i i flIo re s c vtc cs thItro Ughon11t all tier'l-S, sit eS, a I Id year o'0f t lie w

57. Carex sheldonii. This species was planted at Cold Springs

34
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only in 1980. Initial survival was 8S percent or more on all tiers, hut

growth was poor and al t plants (lied before September.

58. C are x _yu1p ni~cld e a. C. vulpinoidea had better initial sur-

vival1 (62 to 82 percent) thian other Carex species included in the exper-

iment. As with most other species, individual survival decreased inl the

*second year, but survivalI onl a plot basis stabilIi zed in 1981 and 1982

(Figure 8).

59 . Cover increased onl a I I t i e rs exce-pt t ie( l owest ( Ti er I1) du r-

i g the IF i rs t three seasons , anid t hen stab hi I i zed at 75 to 100 pe rcent onl

Tiers 2 and 3 and 25 to 50 percent oil Tier 4. Plant hei ght reached its

peak of slightly under 100 cm onl Tier 2 ill 19)82.

60. No wildlife appeared to use this species. The only dlisease

noted was chronic chlorosis , which varied inl severity but wajs usually

mi I d. tChlorosnis was most severe in 1982 onl Tiers 3 and 4

61. This species exhibited good firstL-year survival and slow ex-

* pans ion thle rea fter . Thel( inc rease iii cover was not due so much to flew -

* p lint iniitiat ion as to inicreas inrg foliage product ion . However, flower

product ion ranked near that of Deschawpsia caespitosa, arid] numerous

seed I i rigs eme rged thliroughout thle coitt rolI poo I . '[his species appears to

be most adapted t o dIrawdowri zone depths rang i rig f rori 0 to :5 f t . f'- -

02. Deschampsia caesyitosa. Initial survival of Deschawpsia .... '-

caespi tosa , 98 to 100o pe rcenit , was among thle hi ghest for aniy species ill -

t lie expe r imen t . More, t han 50 percent of thle pilants (lied onl Tier I dur-

inig thet t i rst winter (Figure 9), but some plants survived] ili allI except

two p1lot s for the durat ion of the experiment.

63 . Cover onl thle thIiree uppe r t i ers was mo re t hani 75 pe rcenit dur -

ing l180), but it decl ined thlerr'a ter , ('special i oil Tiers 3 arid 4.

64. Wi ldilife usage was impl icatedl in the (decreased survival onl

Tier 31 inl 1982 arid inl the decl ine iii cover on the tipper two tiers. Inl

the wi titer of 1980) arid aga in ini 191)I, muskrats iised the Deschanipsia

- ~~plots onl Tie.rs 2 arid 13I for coVer.i 1i iicoe rgtlt oiISirfc

ain( be'twee'n thlit two rows of p .int s enctecring Iromi thlit low enld of the

~ p pot . Dunring the tol lowing siumer, several planrts died ill these plots.

* ~Two or thIiret' pliots we re' dIisruipteid by muiskrat s t hat bu rrowed inito thei

[36
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soili andi dest royed several plants. Mskrats dlid not use any othter spe-*

cies in this mariner. Deschampsia suiffered slightly from chiorosis and a

ruist infection.

65. This species produced abundant seed each year on a]l1 but i

Tier 1. The seed was dIispersed over the entire area of the control pool,

arid the resiil tant seed]lings becamle one of the domninant. volunteer species.

Under the proper est-ablishmnent conditions, seeding would be the inost eco-

uiomi cal means of est ahl ishinent .

66. Al though the species produced new culims each year, the niumber

of new cii mis decreased each season after the second. Sinice each culni

Ihas t hiv po t e iitI i a I t o flIowe r a nd( t h eni (Ilies , Deschamps ia cantno t be ex -

pec(ted to mia in ta ii tlie it i a popn [at ion no r to mna inta ii a constant

* seed supply. Therefore, this species is rios I suit ed to the upper draw-

* ~down zoiie a n ima rs I i ar ra s whiere thle env i roiinient. is5 coniduc i ye to seed Ii ig

produt i Iof]

67. Eleocharis color-adoensis. Nearly 100 peroeit of the Eleo-

ctiaris coloradoensis p lanits (pl ugs) liecaiiie- established onl the three in- .-

unda ted t iers , hiut none es t abIi shed onl Tier 4, the highest tier.

*Short I y be fore surv 1 va I dlata were recorded i n Oct ober 1979 , wal erf owl

ex t i rpatLed al p )la nts f rii t he 1)lo t% onl Ti er 3. However, somie tubercles

arid/or rhi izomes appa.irent ly rema iried iii the soilI and sproulted ilrl 1980.

E venit nja I I y , t he act v i ty of ducks reduiced t lie popiu I atL iont oil T ie(r 3I to

ze ro i Hgiimre It))

68. 111 ant cove r inc reased s t v,,oi i I y ori 'r i er I t tli,' I 0%,,st t i er)

nui)t i Ic(ove r wa s vi rt tia I I y 1001 pe rcent . R~easons for the decreaise iii

* c~(ove.r on l er 2 bet weeni 1981 aind 1982 are riot (le- r , iand thle da;t a are

not ro'preset-itat ive, of Tier 2 in genierai 1. Volutiiteers of thlis speciecs per- ..

o rmed( we I I ouii Tievr 2 . E. coloradoensis is a dunn mit ivi- plant,1 anil4

high i~lt rarngeud letweno I aiiid 2 cm.

09. Wi ldife uisage was corisisteiit ovii b yluar Waterhowi h''1 onl

thn tiher les, ext irpaitinig plots arid tolomi'so s., -hcd'tsd the

plots. No, other wnildlifhe uisage was ohwsrvul -

70J. Thlis speciess cornsidered toi lou iw I, Li, linmot Snit u"sslul . ~.\
Al tfioou h the Lit,j Ido iiut doliluii t thlis 5 'ii.* 'X ti'tll oi l 'r I, ge'ii'riI
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observations and data from the check plots substantiate this opinion.

Waterfowl extirpation essentially eliminated the tubercles from the "

plots on Tier 3, and the plants did not reestablish themselves, probably

because the seed and tubercles produced by the original plants floated

downslope. Rhizome growth tended to be downslope as well. The movement

of reproductive structures aided in distributing the species into vir-

tually a carpet from one end of the control pool to the other in Tiers I

anid 2. This species is well adapted to flooded conditions and probably

would grow luxuriantly in drawdown zones (at least to 4.5 ft) if the

activity of ducks could be curtailed, or if new tubercles or seed were

planted periodically to reestablish the colonies following feeding by

ducks.

71. In 1979, a closely related species (Eleocharis parvula) per-

* fornied simi larly in the upper ilrawdiiwi zone at the Cold Springs mudflat

site. Waterfowl also extirpated this population in 1979, and in the

following three sumers, the population did not reestablish itself.

Siltation may be one of the princip i reasons why the popiulation did not

recover at Cold Springs.

72. Eleocharis ovata. Ninety-eight to 100 percent of the plants

became established, and survival during the first winter (1979-1980) was

excellent on the upper three tiers (Figure 11). This species also repro-

dticed by seed after the first season. However, it began to decline in

1980 and survival, height, and cover decreased steadily until 1982 when _

all plants in all tiers died.

13. Wi IdI i fe apparently did not uti I ize this species at the con-

t ro I pool . Chronic chlorosis was s ight to sometimes severe.

74 . The pe rformarnce of th is spec ies inrd ica tes that it i s uirsulit -

at) 1e for use i i reveget at ion of the drawdown zone or in upl and envi ron-

ments with conditions similar to those at the control pool . However,

the species forms an extensive monotypic co Ioniy iii the marsh where it

was collected near Mapleton, Oreg., and it may have potent ial ill other --

env i ronient s .

75. Eleocharis palustris. initial survival of this species was

only 50 percent or) Tiers I and 4, but ranged up to 81 percent on Tier 3 " .".

41
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(Figure 12). As with most species, several plants died during the first

winter, and suirvival in 1980 ranged from 17 percent on Tier I to 58 per-

cent onl Tier 3. Some plIa nt s su rv ived in all p lots onl the upper three

tiers for the duirat ion of the study. Plants attained a height of 29 to .

36 cm during each of the 3 years after establ ishment.

76. Cover inucreaseid dramatically oni Tiers 2, 3, and 4 during the

yea r afItevr vs t ah1) i slIien t , rema ined re latI i velIy cons tan t in1 1981 , and thfen "-'~

dec r-;i sel (I -I i g Itt I i it 1982 . Max imiui cover (503 to 75 percent ) was on

'I it. .3 inl 198(0 and 1981.

77. No wi J'l] i It, use oif this species was nioted, and no siihstant ia I

disease, or isect problems were observed. Under thle cond itionis of this

eXIer iiirit ,thle spe( cs wa,.s most a(Laited to areas that were flooded to a

(it-lt 11 of i I t or less .

7x3~. Juncus ba 1ticus . s t all ishlirent of thlis spec ies was less than

*5(3 peici oni all t iers except li cr 3. where 83 percent of the p~lants

sulrvived the f irst Seasonl (Figuire 1.3). Suirvival decl inred on the innin-

do l~t e tiecrs i i 1980, aiid all1 lat s on)i te li Iowest t ier d ied thatL yea r.

Some )la it Is suitrv i vd ini al p 1 1o t s oni He crs 3 a nd 4 f or t he diulra tioni o f

thn studyV, huit plants ini 25 percenit of the plots onl Tier 2 died by 1982.

Height of lants, increased f romi a maximumi of :14 cm the first year to

85 ciii it 1 982 onj I ier 3 . cover ratinugs foll Iowed mu cli the same t rend as

lie i ght , arid a miiix ini!i c-over of 50 to 75 percent was at ta i neil oni Tier 3

lit 1981I and 1982.

79.* Platt deve I (91(1 a moderate to severe clioros is period ical ly

Ii roiuglioiit thn diirat io oifi thle experiment anid there was widespread necro-

)iIo the, cliit t ipIs. No wiJldl ife utse of the species was apparent.

80). Thiis slei is is most su ited to moist areas and to drawdowri

x'onf-s t ha t do4 riot exceeid I .,) ft . Ot her speci es , stich as Carex spec ies.

wo I( 1 ;r ov i dt it( iiicr (i v(c'i in 1 probali I y Ire morev va i iiab 1) 1 i n t Ite zo nevs

whoere J. hal icLJS ,ipc;ir:s toi 1w aialited.

81I. Juijcus etfusus . Sn rv i va I of t hiis species was good to excel -

It-Ill tili \f. i e I ofI Ii air t inig , frot maiiy pIanit s died diir iiig thle w init er. Max- -

imini .iii vi v.il do-( reiscri I rrrii 82 lrercetit li 1979 to onily 17 percent ili

1940(1 (igiirc 14). By Juily of 1982, tliiri were muo suirviving plants in

4:3
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* 75 percent of the plots oii Tiers 2 and 3, and all plauts on Tier 4 had

*died. Plants achieved their maximum) height of 57 cm in 1980 arid 1981

and then declined to 35 cm in 1982. This species 8rew very slowly andInever covered more than 10 percent of the plot area. In 1981, the only

* ('over ratitig greater than I percent was On Tier 4. * ..- h.

82. Plants were moderately to severely chiorotic in 1979 and 198(0,

huit rio chlorosis was observed in 1981 arid 1982. No wildlife use was

niot ed.

8. The cause for the high first-winter mortality wsntapr

elit ,and t ie ove ra I I l ow sur ivalI anid slIow growth sugges t t hat tI. his spe-.

ci es i rinot well ski ited to flu ictua t ing env i ronierit s. Yet , i ii t he inout h

I of thn' iiearby tUmat illa River, a large populat ion of J. effusus was oh3-

se rved in thle ijppe r rea chles of' t he dirawdlowi zone . Th is obse rva t ion sing-

ges ts that p1 alits on Tier 3 (1.5- ft inndat ion) should have performed -. ;\

rea %so ra bi I y we I I .App re1) nt 1 y , some inkiowii erv i ronimelit a I ('011( i t i onl was

respIoiis iblIe for this di screparncy . ~*.

84. Polygonui persicaria. This species was planted at the Cold

Siur i iigs site iii June of 1980. One month after p1lantig, 60 percent of

Lthe pl 1air ts we re aIi ve , lbnt survival declined throughout thre sumimer arid

al I I pI ants d ied before w inrte r. Cover never exceedled 25 lpercenit , arid

max imum plant lieighit was 43 cmi.

85 . A Ithloiigi thi s species did riot succeed at Col1d Spr inigs , it

perf ormed welI I ii ne i ght deiiorist rat i on plIots at thle corit rolI poolI. Two

plIot s we re 111aikit ed onl each of the f ou r t ie rs i n 19 79 , arid all plIant s

p) rodiinued f I owe rs andl seedl. Despi te thre f act that p reva i I i g wi rids are

f rom the west a rid Lihe p lots were l oca ted onl the east levee , numre rous

seedliiigs of- P. persicaria were observed throughout the length of the

1)001. It was the principal volunteer species oil the inunidated tiers i n

1980). lb i s spec ies cord i nined to repiroduce i n 198 1 anid 1982 , alIt houghi

t L s dom1 I nalne was- reiduceid as o t lie r volI in tee r spec ies became es tb I i shed.

Also, inl 19982, several P. persicaria la nts emerged at Cold Spr inrgs diir-

ig ani extemicole d rawdown lierio(1 in .Jurie. These p1lants reacied a he i ghit

(if 70 to 80 cm arid rem~ainieid after the site flooded ill July.. -

86. These (ilservat ions suiggest that P. persicaria has poteiit iaI

47 -
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6.

for use in revegetating drawdown zones in the power production reser- .... :

voirs of the Columbia River. A drawdown of several weeks duration or

more and frequent fluctuation appear to be critical for establishment.

The wildlife usage potential for P. persicaria has been well documented. .'.. .

Because this species can be economically established from seed, it

should be considered for use in revegetation projects.

87. Sagittaria latifolia. Sagittaria was planted at Cold Springsp in 1980. Initial survival (60 percent) arid growth (50- to 75-percent

cover) were encouraging. Maximum mean height (51 cm) occurred on Tier 2.

No other herbaceous species at any site achieved 50- to 75-percent cover

in the first season's growth. Rhizome growth extending outside the

plots was also excellent.

88. This species survived through the fall and senesced early

after having 100 percent of its leaf blades grazed by waterfowl. Over-

winter survival was assumed for all plots. At the end of April 1981,

all plots had been extirpated by wildlife (either waterfowl or muskrats).
This extirpation included the experimental plot and the surrounding

tuber growth. Plants within plots (lid not recover, but tubers on the

periphery of the colony survived. Survival and growth of S. latifolia

declined during the remainder of the experiment; there was less than

I-percent cover in 1982. - "-'-

89. Wildlife usage continued through 1981 and 1982 but was con- .*-.. .

fined to grazing of the foliage rather than extirpation of the tubers

and rhizomes.

90. Because of the wildlife use potential of this species and its

init i a I growth rate, both in 1980 and in another experiment (see sect i on

"'Iraitsplant Performance - Cold Spriigs"), this species should be con-

sidered for revegetation of areas where the leaf blades are exposed to

the atmosphere at high pool. In the McNa.ry pool , this wotld be at eleva-

t ions of ;,ipproximately 337.5 ft aid above. Becaise of its attractive-

ness to waterfowl and other wildlife, stiffi ciemut numbers should he

pl.nted to ens re srirvival. NLM__ . J

Il. Scirpus americanus. Survival of this species was more than

90 percent on all tiers in 1979. However, during the winter, all plants

48NO
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on Tiers I and 2 died and only 45 percent of the plants on Tier 3 sur-

vived (Figure 15). Maximum plant. height (45 cm) was attained in 1980,

and height declined each year thereafter. Cover percentages followed

the same trend as plant height, with a maximum of 50 to 75 percent on

Tier 4 in 1980.

92. In the fall of 1980, muskrats entirely extirpated all eight

plots of S. americanus on Tier 3, as well as rhizomes that had invaded

adjacent plots. The species recovered very slowly from this usage in

plots where one or more rhizomes survived. In 1981, muskrats again

entered the plots, but were removed (trapped) before they could do ex-

tensive damage. In 1980, muskrats restricted their activity to the in-

iiniated tiers; in 1981 they were active in noninundated (Tier 4) plots,

but were either unable to dig in the more compact soil or were removed

* ~be fore t hex' had ext irpa ted thle p1 ariLs.

93. Aside from the feeding activity of muskrats, no other wild-

life appeared to use S. amiericanus. Surviving plants developed a gen- .- ,

eral culm tip necrosis and were moderately to severely chlorotic each

year.

94. This species is probably not suite( for deep zones, but may

be useful in the ti upper drawdown zone and along the shoreline. Further

research is needed to identify planting conditions or methods that will "

prevent extirpation by muskrats.

95. Scip usva _lidus. Eighty-nine to 95 percent of the plants sur-

vived on all tiers during the season of planting, but mortality was high

during the 1979-1980 winter. Populations within the plots never com-

pletely recovered, and at least 25 percent of the plots on inundated

tiers cotta ined no live plants in 11982. AlL plants on Tier 1 had died

by 1982 (Figure 16). The cover values for S. validus remained between

10 antI 25 percent , but this does not adequately ref lect its performance

on Tiers 2 and 3. The species did not perform well on the noniniundated

tier even t lough the data for the t hree upper tiers are s m i I a r. Plants

on Tiers 2 and 3 grew most I y out sido the plots and were repeat edl y cut

back to prevent them from invading id jaceitt plots. Meanwhile, the orig-

itial or older (ulns died. As the rhizomes recovered, they would grow

w w w w
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toward the outside of the plot. If they started within the plot, they .*v

soon grew out the other side of the narrow plots and were again severed.

This was the tallest herbaceous species in the experiment. Height ap-

peared to ble related to flooding depth within the range of 0 to 3 ft.

Maximum height (142 cm) was on Tier 2 in 1980; height of plats oil J
Tier 4 was only 90 cm.

96. Scirpus validus: was affected from the first season by a

chronic fungal disease that varied in intensity from year to year. The

causal organism was niot identified. Muskrats occasionally cut cuims of

S. validus hut (lid not devastate any plots.

97. Because Scirpus validus was the only species from the 1979

planting that survived for the duiration of the experiment, at Cold

Springs, it is the leading candidate for use in shoreline revegetatioi.

It should be notedi that the surviving plants of this species at Cold

Sprinrg,, '.ere either ii te proer tel wi rid shadow of a nearby i sland or

nieair the shorel iIne where waive alt ioin was less severe.

)8. Muiisk rat s I,( I as ioiiri Iv Iu sedtI I hs spec ies for lodges anid, in1

198!. cous t riie"tvf a lge -i thin a plot onl Tier 3.

(p). Tritfltium wormskpt!, iii liii ta jI survival of this speciesX

rin11ged I r01 ,IIK" t r j 'I 
t t , hII I -nr t Ier Ho e r .y mi-1 8

roarI~~~J[f iiIlr .w I , rd uVival on Tier 2 was only

4 0 L Iut I I, I,, I evcnit Ila I I d died. Those

rciriain I~ it -it I ir 11 pri -,II trio Iv t l ttl e growth as re-

I y t i IH , I Ip 1*r i-en[t Ila I I y decI i ned to

hi- I ow I - pe. I Iii t-1 t I t lit roa I, niiida t ed t icer (i e r 4)

dut I jnr I(] li, t. wIl I I 'IrII itt iIII I i IT I ti 1 jit height was 4.5 cmri

oil u )in 1. i

WOU. hi narra ii .i urd sporlua ?-Id1 l V thI]roughouit t he

1)l it s arid1 ii- t lit, ,ItI v di I i,-. vIllptm iii o served. Gophers%, rabbits, and

h- hres hid a stirst~i aitla iiipi. I ii I ro growth of p lanrts oni Tier 4. The

fecedinrg at ivit Iv f thfist, iiaiwim. ik- i t-s-tporis ib he for the decrea.se inI

su(irvi Va anid ( over vatI jf it'1 1a let 4. 1-rom 1979) through 198 , rno feed inrg

on] i niijda te plo 0t s WI- o bse rvedl. IIweve-r , li 1982 , p1 at s on lie r 1 we rv

* gyrazeri by rabbits.
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101. This species is riot suiitable for use in drawdown zones, a]-

though it. might be useful in moist upland habitats. %

102. Typha.atifo.ia. Initial survival of this species ranged

tromn 59 percent, on Tier 4 to 80 percent on TPier 3 (Figur-e 18). The

tir'st year, overwiritering mortality was extremely high. All plants on.

* Tier I dlied by mid-1980 arid at least 75 percent of tire plants on other

tiers succumbed. Survival cont inued to decline throughout the experi- -

ment . Stunted, chiorotic plants characterized his species at the test%

* pool . Cover dlid not exceed 10 percent on any tier (luring the study.

*Maximum height (100 cm) occurred on Tier 2 in 1980. This species grows

p ro i t fi ca I I in marshes of the area. It appears likely that the high

of the soil was principally responsible for the poor performance of this

species at the control pooi.

103. Wildlife did not Ise this species at the control pool. Al-

though this species grew well on Tier 3 at Cold Springs, muskrats cut

the new hoots off several centimetres above the soil surface in the . .

spring of 190r . The cut stems and high water combined to kill the on -"

" plants at Cold Springs

104. The survival and growth of this species at the control pool

suggest it is niot suitajble for revegetation of the drawdown zone. How- 7

eve r, its natural occurrence near the Cold Springs site and in many

other areaS, is evidence that it is a potentially usable species, at

least i n thle uipper port ion of the drawdown zone.

*Woody spec ies

105. Cornus stolonifera. Coi-nus sap]lings that had not broken

dormnancy were p1lanted at the co)nt ro pool in 1980. More than 95 percent

of the plants became established on all tiers (Figure 19). Treatment,-

effects became apparent inr 1981 and were more pronounced in 1982. There

was a (listict dema rcat o between plants on the second tier. Plants on

t aimuppr hlope of this L ir were normal wh i 1i e those on the lower por-

,4• .h oo•p' r•sI

t ion of t iae t i er appes rd to be stressed , having sma I I , ma I formed leaves. ..-

Stsrvival remaied relat ivl steady on he upper th ree tiers t o rough

198c hut dereased f to 96 to 57 pernit on the lowest tier (Tier I

106. P idit on Tier I and 2 did not grow as rapcidly as those on

5 4
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*Tiers 3 anid 4. Cover actually decreased on Tier I between 1981 anid 1982.
2

* Average cover of plants on Tiers 3 and 4 in imid-1982 was 4,500 cmn /plot.

107. C. stolonifera is a slow-growing species, and plant height

did not increase appreciably during three growing seasons, event on tiers

where survival was good. Maximum hei ght increase dring the study was

only 17 cm (Tiers 3 anid 4).

* 108. Deer were the only wi1(d1i fe that were dlocumnented as using

this species. They browsed it duiring the winters of 1980 anid 1981. .-

109. C. stolonifera is most suite'd for use along the margin of

reservoirs where water depth does not exceed 1 .5 to 2 ft. It is a

* shale-to lerarit species and didt not grow well on Tiers 3 anid 4 where it

wits exposed to full sunilight. Where this species was partially or fuilly -

sht ed , thIe pl ants hadl mm1chlIa rge r l eaves anrd grew t all e r. Tii would

i rdi cat e that the spec ies ni ght establIi sh and grow best i f plant i ng were

pos t ported tint i I ot her p i onee r spec i es had es tabl i stied t hemse I yes such

that they could shade Corrnus plant inrgs. i A

110. Elaeagnus angustifolia. The( f irst -yea r est abli sumiert aver-

a ged 52 pe rcenit , bt the t( f irs t w iitefr cI imwni itated thfe s pec ies Ifrom thfe

l owes t t wo t ie rs (F igu re 20) . Sutrv1valI on thet- third t ier dec I mted f rom

58 t o 17 pe rcen t dri trig t Ie( I i rs t wi riter and r-ont i nted t o decI iFi nc it ii I

* ~the t erii iat ion of the experimentt (I'i gure 20) . Oii the nion inurida ted tier',

sitirv iva I rerra i ned rela t ivelIy ost ant a t abou t 50 pe rcent du r inp thet(

s t tidyV. P1lant s on) th ItLIt i rdl t ievr grew very slIowl y, and the(,i r ie( i ght re-

mratined tinder I it. PlitanIs ort the tonut itdat ed t ier (Tier 4) grew very

wel I -juird at t a inted aj itart max irtur he 1glit of 4.6 rm. Area cove red hv t his

spec i es Was i11i i1 i rita I ofit e r 3, biot 'buili I ed ea.i hi veair ont Ti er 4 tint i I

2
32 mt ( Iia r I 10 t ittes t It( a ctit I i1o t a ria) was, covered iii 19)82.

111. It is speci es f lowered profusely iit 1982 anti prouced at large L

crop of Ir-ttit . Stta I I sOrtgb i r.fs werej ol I tn svl orr the fl oor of titi

plots search inrg through I .t Ivir leajves. These plts als ptIO rovided cover

fur rabb its (easterit cot tmita I L hat I rerjrete id the p~ond.

1 12. lth is s pec es is, tot srti tedi I rir ri-se i i t the tlratwdtwi zone, bintU

it is sit tabtle fo r tmotis t, tiplir'1i si1s . Iit) this a rtca mantrv ramiilrt'rs curt-

s i (fr the sirir is a weedi recarise its growth anid thett thornis it prouhrues. -

5)7
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c-an prevent cattle fromn using watercourses . In add it ion to ahundant

seed produIct ion, which can becolile a nuisance in irrigation systemns by

pi ugg inrg nozzl es , t he pl ant s reproduice vegetat i vely by shoots f romn root *

syst emls . Several check plots oil Tier 4 were invaded and completely

taken over by growth of this nature. Becanse of its potential as a weed

speci es and i ts uienist populIa t ion ini some a rea s ,ca lit i ous cons ideratLionl

sho"I p( Irecedle it s selection for use in revegetat ion projects.

1 13. Morts alba. Stirvival of M. alba ranged fromt 72 to 95 per- 'A r'

Cenlt diur ilig thet yea-r Of ('Stal ilnneit buht by midsunmier of 198(0, no more-

than 8 percent of the( plants oil Tiers I and 2 were alive (Figure 21).

So rvii Va I dec reasedi gradiua Ii y oil the uipper two t i ers and(1, by 1982, sur-

vivaj oI O'Tiers. 3 anld 4 was 37 aund 67 percent, respect ively. Plant Jm

ii-wt wa"s lwanld IlIe( p)1;alit, s (ever- coalesced as dlid several other

-pclS . lie il ohI f 1) lalit I onl the uppe)(,r t wo t je*' v rs es~ llla yt

41 1IllaX Ililil of 1 10 and 131 c-mi oil ITi r.,. 3 and 4, respectively. The area

cOvered biy tilt- plallts readhed a pleak it) l1981 of 3 in 2per plot. onl Tier 4.

Surv iv.i anid growth1 stilIetred iiot 0111 y frn tli t(e treatmienit, hilt fromt wild]-

i fe u Isage andf nlti r i eit let' i c i ery as well j I Th prinlcipal wildlife

rf,1lul1u ;111 aised h)\ gophde rS t ha~jt e I i fiti luatt'tl a Ililos t t wo eit- i re 1) lot s onl

Vier~l 4 ill 1980). Al thloigli deer(' Irowseiol thlis species, as they (lid almost

all wOmly sjpvcices , thecy (i [lnot ctiuse(O.l ion ie rab e damage. Ch ron ic

IfI r-s ape Iudu, I Iv i Lh I i r .t year alf conlt i fll(,e] t hrougholut tile

ifl)r,)t i ot o I t tit, exlt' r jlmen t . 'llt' symupto 1) lggt'stet i roll dleficiency . The

survir itv (-f the svluptuuuis stiggcst s thfat thiis was one of tile- primary

.'J1scs( 11r l11111ted p1lnt gimowth.

114. l'[( til ta inlic(tt tha,1t t IIis slpecie(s is lot sui ited for ise in

L te I Owe r d rawdown zoll o f rese rvo il's . it 111 gil be IlvsedI ill sha I l ow

walters wit li longer o1 ilore I reqlit';t dralwufowrls and oil tlhe inargini of resel'-

vi r% . A vti illte(er pliant oil Boibbije 's Beachf pi-()lul(et t remlendous1 growth

ill the( I (ilI silllllutrs ofI this expetr imlent ' ille, ilal dlet spiec imn(ldid not

prodm-v~ ats 11111(1 growtih but di ii grow tai ler than mlost spec imenls at the

coldt ro I po I. W.-~.

I I ri. Ribes aureu,. i r o rman ce of t hi s s peci es was very poor oil

ai I t ievrs. Less thlan i5 percenlt of tile, pianlts suirvived the f irst year,

W flo V 9 10 V . if .
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and this diminished to 3 percent by 1982 (Figure 22). No plants sur-

vived on Tiers I and 2. Growth, in terms of both height and cover, was - -.

small and declined between 1981 and 1982. Height never exceeded 50 cm,

2
and cover was less than 0.5 1 2 throughout the study.

116. Wildlife and insects did not appreciably damage Ribes,

although it was infested in 1981 and 1982 with aphids. Downward

growth of leaves was observed soon after the aphids appeared, but growth

* returned to normal when the infestation ended.

117. The survival and cover data indicate that this species is

not suitable for use in revegetation of drawdown zones or upland habi-

tats tinder the conditions of this experiment.

118. Robinia pseudoacacia. Robinia survival during the year of ! -

planting was poor; about two-thirds of the plants (ied that year. The

first year overwinter mortality was 100 percent on all inundated tiers.

Plants on the fourth tier remained small during 1980, but in 1981 they

began rapid height growth (Figure 23). The data sunnarized in Figure 23 -. __

do not represent the true height that this species achieved in the plots

where it survived. Because the summaries are numerical averages and not

all the plots contained plants, the mean height of the surviving plants

is not fairly represented. Plants that survived reached a height of 4

to 5 m. Cover increased dramatically on Tier 4 in 1981 and continued to

increase in 1982, although at a slower rate. In July 1982, cover aver-

aged 13.5 2 /plot.

119. These data show that this species is unsuited for use in the

drawdown zones but that it might be useful in moist to dry upland

habitats.

120. Rosa multiflora. Initial survival of Rosa ranged from 40 to

57 percent on the four tiers. Plants on the lowest tier succumbed in

1980, and survival declined on the remaining inundated tiers (Figulre 24).

In 1981, survival stabilized, but only about 30 percent of the plants

survived on Tiers 2 and 3. Growth was slow during 1979 and 1980, but in "

the final 2 years, cover increased substantially on Tiers 3 and 4. Are;a I1
2

cove red by plants on both of t hese tiers was s) i ght I y more t han 1 13 in in

IVw~ V V -V 'IV W -IM -.. ..
* ..- . . . .. . . .
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1982, even though there were nearly twice as many live plants on Tier 4

as on Tier 3.

121. Height of plants on Tiers 3 and 4 reached a maximum of about

1.5 m in 1982. Wildlife such as rabbits, quail, and pheasant. used this

cover. Rosa displayed mild to severe chlorosis sporadically. The symp-

tous were more widespread and severe in the first 2 years of the experi-

ment. In 1981, two plots were attacked by downy mildew, but the plants

recovered in) 1982. fw

122. Salix fraqilis. Survival of this species was good to excel-

lent (69 to 96 percent) on all tiers during the first year of establish-

ment. In 1980, survival on the first tier decreased to 50 percent, but

few plants died on other tiers. The number of live plants remained rel-

atively constant on all but Tier 2 after 1980 (Figore 25).

123. Growth of this species, as indicated by height and cover,

was excellent, especially on Tiers 3 and 4. Height and cover increased

each year on every tier, being most rapid on Tier 3 and slowest on A -7

2 2
Tier 1. Cover in 1982 ranged from 2.5 m on Tier I to 34 in on Tier 3;

maximum height was 5 m.

124. Wildlife used this species for both cover and food. Deer

browsed on it the tirst two winters, and songbirds and rabbits used the

foliage for cover. Nuskrat s occasi onal I y removed sma I I branches, and

beaver cut substantial amounts of S. fragilis at Cold Springs and

Bobbie's Beach. Insect populations became high enough each year, except

1979, to warrant control. The f irst year, popula ions of mourning cloak

butterfly and cottornwood beet le larvae required control measures. l)ur-

ing the summer of 1981, tent caterpI liars were controlled, and in the

fall, a massive aphid intestat ion was control led. The mourning cloak

butterfly larvae and larva(, of cottonwood beetle returned but (lid not

become numerons enough to juistify control.

125. )isease (Iid not become a problem until 1982. The species -

(lid not show the chlorosis displayed by several herbaceous species and

Morus alba, although two trees im a single plot on tihe seco(d tier died

siuriden I y ini 198 1 . The cause was niot deterni i ed, arid rio ot her p1lanit--.

appeared affected that year. II thm spring of 1982, a widespread

INO~~~ ~ ~ ~ W d 1 * IN V V V
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abscission of leaves was followed by necrosis of the branch and eventual

death of Lihe tree. Plant pathologists ruled out a pathological causal

agent, so the symptoms are likely thll result. of a physiological disorder

brought onl by treatment, nutrient deficiency, salinity, pH, or perhaps a

corntination of these. -

126. These data indicate that. S. fragilis is suitable for the en-

t ire drawdown zone (4.5 ft ) and for noniriurdated shorelines. Work at :

the Cold Springs site (see "Transplant. Performance - Cold Springs") sug-F.

gest s t hat ciatintgs of this species for plianing should be tall enough -

to pe rmi t some fo I i age to prot rude into the atmiosphere during hi gh pool

espec i a 1I ly whieu d riwdown s are i n frequnit . Cuit tinugs should be pl an ted in

sullffi cient number% to withistand I eedirig pressure From beaver, and plant-

ng techniques or prot ect i ye measu res that prevent ice damage should be

euuip I oye(I

127. SaIix- Iasi andra. Fifty-eight to 70 percent of the plants
beca( est ab I i stidtlet st er(cigtr 26) , but survival decreased

graduu I I y till r i ng t Ie remua i nde r of the expe ri ment . Best sriv al was onl

TIier 3 (45 p)ercenjt in 1982). Growth, as Measured by cover and height,

increased eachi year On a I I t i ers except for the fi rst , where it rema ined

stabl I . Max11mm pl ant height (3.9 ni) and cover (2:3 in2 ) we~re achieved onil

'Tier 3 ini 1982.

128. Birdts aund sumiall mammlIs used S. lasiandra for cover. D~ef.r .

I i ghit Ily browsed thti s spec ies cacti winter. I r 1981 , a mode ra te inrif e s t a -

t i on of tenlt ua t v 1-1i I Itars Was cont rot IIedt othberwi se , thbe spec ies was utot

slist anit iat I Iy a If fect (-( lby i risec t

129. Mi lId to inortratv chrori i clioros is occurred on 'Tier 4, and

t tn'se planits ajppe-;re-d s t iiit ci

I'mt. 'I'lle (11remc lia Icr-ia for thel plIants used0 in this experiment

imme I roimi tlie, B I m- R i vr Reservo ir iiri (cuft ra I Oregon oti t lif( West s ide of

t ic Cisi ;ldct( 'I Ile pam remit mt er ia I iece i yes a max iitumu of 45 ftI of i nun-

(iionl (cii h yeair * iiII y dii r i iig t bie summer. T Herefore , tHie pa rent

iiiitcr iij Itia ,. sli i I m h tfiit it to ( wi thistail deept, priolnged I Ieo(Iiuig.

cli4,V' v f hi t I IlVIy li jt I oI Im.I I~i such i aIe g reec ot I I ooid totIe ra i i

(Is rIgI tr I f Is Ii I t I , i c , t1 (t (I o I tIla t t Ifi s 5 v S i e s s hto ifi I pertJ o rill
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satisfactorily in drawdown zones where the water does not exceed about ,.-# -

3 ft at high pool.

131. Salix purpurea var. nana. Initial survival of S. purpurea

ranged from 60 percent on Tier I to 4 percent on Tier 4 (Figure 27). r '6 w-. 7 .

About one-third of the plants on Tier I died the first winter, but plant

populations on other tiers remained stable. Thereafter, there was no

further mortality and plants grew well. Plant height and cover in-

creased gradually during the study on every tier. Maximum plant height

(172 cm) was on Tier 3 in 1982. Plant height was influenced by the

shrubby growth habit, as compared with the tree growth habit of S. fra-

gilis and S. lasiandra. This was the first species to coalesce, prob- "". -

ably also because of its growth habit. Area] cover of this species at -
2 2

the end of the study ranged from 4 In on Tier 1 to 18 m on Tier 3.

132. Wildlife used this species for cover and food. In 1981, a

muskrat started to build a lodge on Tier 3. Pheasants, quail, songbirds,

rabbits, and mink used this species for cover. All the plots of S. pur- .

purea planted in 1980 at Cold Springs were harvested by beaver. Deer

occasionally browsed this plant. Insects did not damage this species, "

and only in 1982 was a mild chlorosis observed in the leaves of plants

* on Tier 4.

133. If it were not for the initially low survival rate of this

species, S. purpurea could well be the best woody species evaluiated. The

low survival rate probably is largely attributable to the condition of

the plants at the time of planting in 1979. While plants were held for

70 days in Ickets, they sprouted both roots and shoots; then, the

shouts were browsed by beaver before the plants were transferred to deep

shade. In the shade, they again sprouted new leaves before being .-.-.-

planted in temperatures of 380 C. The resprouted leaves had developed

in deep shade and wi Ited imnediately upon transplanting. A widespread

shedding of bark was noted on the slips that diil not survive. II Con-

trast, when dormant material was planted at Cold Springs in Nay 198u,

nea r ly 100 percent of the sl ips that were 100 cm tal I became establ i shed. --. '_

134. This species should be suitable for use throughout the

(69
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drawdown zone and on reservoi r margins. The plants should be protected

from beaver.

135. Sambucus cerulea. The initial survival of Sambucus was very

poor and ranged from 2 percent on Tier 1 to 21 percent on Tier 3. Mor-

tality was 100 percent by the middle of 1980 on all inundated tiers. ,.

Survival declined each year on Tier 4, from 18 percent in 1979 to 5 per- .

cent in 1982. Growth of surviving plants was slow during the first-,..- -

3 years and decl ined slightly during the fourth year (1982). Maximum

2height was only 34 cm and maximum area covered was 0.4 m

136. Wildlife did not use this species, and no insect usage or

damage was observed. The plants were chronically chlorotic, and por-

Lions of the leaves were necrotic yearly.

137. This species is not suitable for use in revegetating shore-

lines under the conditions of this study. However, several healthy

Sambucus plants were observed within the McNary Wildlife Park, which

suggests there may be some value in its use in moist and upland habitats.

* Vol uinteerplaits

138. Plants that invaded check plots at the control pool are

listeI i Tables i15 an( 16. Only those species with densities greater

than five plants/square metre on any sampling date and on any tier (con-

tour) are listed.

139. Twenty species were present in the woody check plots, and 23

spec es were present in the herbaceous check plots. Of these, 14 spe-

cies were common, to hoth categories of check plots. Generally, the num-

her of specie s on a given contotir doubled or tripled between 1980 and

1981, and then the nnunher of species remained relatively stable. The

numher of speC ies on the lowest contour (Tier 1) was only about half the

nmher on the upper three contours, whicl were similar.

140. Eleocharis coloradoensis (dwarf spikerush) dominated the

lowest (ontohir (Tier 1), and plants were so numerous that data for 1981

and 1982 are expressed as percent cover instead of plants/square metre.

Cover of dwarf spikerish increased each year and, by July 1982, there

was 78-p,rcent cover on the nonlp ianted plots on Tier I . Other species
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that were numerous on this contour were Pol ggonum persicaria and Grati-

ala spp.

141. Eleocharis coloradoensis dominated the second tier in 1980,
'1

but the population decreased dramatically in 1981. Thereafter, Polygo- ~ .*~

num persicaria and Gratiola spp. were codominant on this tier and, in

1982, Deschampsia caespitosa also became a codominant species. Epi-

lobium spp. and Poa aninua were also numerous in the nonpianted plots in

1982.

142. Polygontum persicaria and Epilobium spp. dominated the third

tier plots in 1980, but thereafter, P. persicaria declined andl was

replaced by Deschampsia caespitosa as the codominant species during 1981 .-

and 1982. Gratiola spp. was abundant on check plots in the woody block

iii 1981, but was completely absent from plots in the herbaceous block. .

This apparent di screpanicy cannot be expl ainied, as Gratiola was thle domi-

riantL species in herbaceous check plots on Tier 2 in 1981. ~

143. Ojn the n;,flooded tier, Bromus tectorum, Conyza canadensis,

and au Epi loL-jum spec-i es were codo i nant every year. Miany Elaeagnus

angustifolid seedlinrgs (67/square net re) became established onl the her-

* ha ~ceonls check plots in 1981 , buit this nrumber d1iminiished to only 3/square

ncr. re E. angtstifolia plants in 1981, and this number remained rela- __

* t iv~ely ' corist anit in 912.

1 44 . Oif t he fivye spec ie s that were dominant or codom inant, onl the

inliundat ed t i s.three wet e species that were planted in the pool (Eleo-

char's colcracioensis, Polygonum persicaria, an(l Deschampsia caespitosa).

* Reproduct j ,c st roictitres or seedl of Gratiola spp. and1 Epilobium spp. camie

fl corn ot!er 5are Coniverse I y none of thle donminan t or codo i nan t spe -

(i es o'n tlio 'ion mindoatedl t ier were spec ies that had been planted at the

pJo I . Ilowevce r, it is mit i ci pat ed that El aeagnus angust ifolia, a plIan ted

specit's, Wonl I d ite o n 1at e evelit kna I IV .

'lraris.p anit _Pertorranri_-_ Co I dSp)rin&s

14f 11 lid it LI M t o t reat menit efIF ect, severalI ab)i ot i c ajnd b)i ot i c

fa, to.r-, oi mi reed to i edti e spec ies 5111W iva I arnd plIanit growth at tile ColId

74

1W ~ ~ ~ ~ ~~ _ p1 9 9~w 4ww~~'



Springs rnudf lat site. Three contours at 0.25-ft-elevat ion intervals

were established at Cold Springs. When the forebay elevation was at

gross pooi level, the tiers were submerged a maximum of 2.5 ft (76 cm).

Treatments of water, depths, and durations fluctuated in nonrandom, in-

determinate fashions. As shown in Table 4, treatments (pool. elevat ions)I

varied cons ide rablIy , but tendled to he flooded.

146. The three imost influential factors other than) treatment that

affected first -year suirvivalI occurred in sequence front early August 1979

throuigh March 1980. lit early August , a bloom of the fil1amentous algae

* Cladophora developed a massive cover on the herbaceous and woody plants.

When the I oreliny ci evat.i on was hi ghi, the algae floated and shaded the

plants. When the forehay elevat ion was low, the algal mats weighed down A

arnd smothered many of the surviving planits. The st-i ffer herbaceous spe-

cies, such as softstemt bulruish (Scirpus validus) and cattail (Typha

latifol ia) , and the woody species that had ;iot alIreadly succumbed to

re-atieit withstood the weight oft thre mat.Panswihdonbyte___

ailgal mats did not recover. The algal mat persisted until colder

weather arrived duiriing October.

147. The wi Idl i e were the second factor to afIfect the p1lants at

tCn 1( Springs. lin part iciiar, waterfowl grazed the remaining herbaceous

plIo ts , a id rrs k ra t s ha rvest eol hImI rish anid ca t ta i I .The bulrush recov-

e red , blit t he Iattazji (I lj(Illrot.

1 4,h . Ihr inig .1arrimary anrd Feb riia ry 1980 , l ow t enpe rat ures froze the

%wa t er at this site, so that woody st erms developed ant ice ac-cumulation at

* ~thle wa t er su r la ce'. 'llire Inuryanic-y of thle ic-c and wave act ion comb ined to

* ex t rae t t lie woody s tenits Nearly alI I wjony t rarnsplanit s were remioved.

The ol y spen' u s thfat slirrv i ved were t lie wi I l ows , but these stibsequniit Ily ... -

si(- iiien to Irea tmvii t - Sevvra I plants survived throuigh two more surnr- -

rn i , b)tu t p)lii it g row thI was ve ry l imit d; (1planiitthe igh t d id h o t e xce ed

149. The onlIy speciecs that siirv ived to the compl~letion of' the ex-

pe r imerit I roir t he 1979) p)lant i iig was sof tser b)L I ruish (Scir-pus val idus) . *'

It ri-ma inel-l ini vi gt of the twelve ori g inal plots. Of these , planit s ifr) ..-.
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* all but one plot grew in an outstanding manner. Table 17 gives height

* and cover data for these plots.

Table 17

Scirpus validus Height and Cover, July 1982, Cold Springs

P Par ain et-er Tier I Tier 2 Tier 3~

*Height (CM) 151 162 153
134 172 205

195
200

Mean (cm) 143 167 213

Area (in) 14.98 12.34 13.22 ~#
0.36 13.53 8.18

18.41
23.06..

Mean (m )7.67 12.94 15.72

150. These plots were riot weeded diiiring thre expe rimnent ; thus , the

* dat~i indicate the ability of S. validLIS to expand under the test condi -

t i(Zis . Al thoujgh the species Skirvivedl onl a] I three tiers, the greatest

numbeibr of plots conta ining live plants was oil the thi rd tier; there were

-* only two plots witLi live plants in each of the lower two tiers. Seven

* ~of the p lots were protected fromi the full for-ce( of the winrter windl and j,

wave act ioin by the presence of a sma I I isl and or- by being close to the

main shore. Pl ants in one plot on the first tier t hat received more
exposuire grew poorly Ioip rI~ totn lepoetdj os

151. Af ter the f i rst year' s stirvivalI and growth perf ormrance was

- adssessed, i t was suispected that a p)rimlary coilt ribiit i rig factor to the

ove rall poor performance at Cold Springs was init ial plant ing height

* In the original experiment, all plants had anl initial height of 6 ill.

T o test the i nfl I nence of t rarispi ant hel i girt ,three spec ies were p1 anited

- ~with ain i nitialI plant inrg hiei ght of 90 c-iii. Thiis pl ant ing hrei ght perit ted
some stemis and leaves to be oui iaIyabegrss pool ele vat ion.

Th is alIso perm it ted alIgae, to c I i ig t o thIe l owe r po rt ioils f thle st ein
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without adversely affecting leaf and stem formation above the high-water

line. Greater plant survival and growth was anticipated from the taller

shoots because more photosynthetic tissue would be exposed to light,

thereby increasing root growth. The better developed roots should tend .

to increase anchorage against the winter ice formation.

152. The three species Salix fragilis, Salix purpurea var. nana,

and Cornus stolonifera were planted in June 1980. The plant growth in

1980 was greater than that occurring prior to the algal bloom in 1979.

However, wildlife again impinged upon the plants. One or more beavers

harvested willows from the entire experiment, starting first with the

Salix fragilis and moving on to the Salix purpurea when the supply of ,

the former was exhausted. The animal also harvested some dogwood but

did not completely harvest the plots. The plants were cut to within

a centimetre or two of the soil surface, and they did not recover the

following year.

153. Because of the relatively good growth of the willows in

1980 before the beaver cut. them, twelve plots were replanted with Salix

fragilis in 1981 and enclosed with 2-in. woven poultry wire to exclude
the beavers. These willows were planted using material of two heights:

36 cm (short) and 86 cm (tall). The shorter planting height greatly

reduced establishment (Table 18). The enclosures were successful, and

plant growth was comparable to the first year's growth at the control

pool. Again, in the winter of 1981-1982, ice accumulated on the stems

of the plants and extracted many of them. The plants that survived the

ice accumulation (all plants accumulated ice) were those that were most

protected from the wave action by the island. The experiment was re-

pealed in the spring of 1982. In July 1982, beaver penetrated the

enclosures, apparently by forcing the wire between posts to collapse I:-

during a period of high water, and (it the willows off at either the

high-water mark or just above the s,il surface. Those plants that were

cut nieai r tiLe soi1 surfact succrumb ,I ;is if) previols years, but those that -. ,.

were cit at the high-water mark rfegrew tuii kly.

154. In NY80, foijr iddit io(,,t herbaccors species were plat d: .

the sedges Carex lynbyei ;irud Carex s;heldonii; the siartweed , Polyr.gonum . . - .
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persicaria; and duck-potato, Sagittaria latifolia. Table 19 summarizes .-. .

the performance of these plants during the season of planting. Carex

sheldonii succumbed after 2 months. The sedge Carex lyngbyei and smart-

weed did not survive the first winter. However, 55 percent of the duck W .

potato plants survived the winter. lit July 1981, duck potato surpassed

50-percent cc.'.erage oii the third tier and 25- to 50-percent coverage on -

the first and second tiers. The lower values in October 1980 resulted

fron s enie sc entc e o f t Iie a e r ea I paitrtIs . In early spring, waterfowl or p.
muskrats extirpated the tubers, and no pl ants survived on the lowest

t i e r. On the scond and third tiers, 25 and 50 percent of the plots had

live plallts. B1y September, surviva I hadi decl ied to zero on the lowest

tier and 25 percent on the second and thi rd tiers. Cover decreased to - - -

less than 25 percent in the stirviviug plots. Plants remained alive in

1982, but t hey did niot grow well -able--9

Table 19 . - . - --

P'er,,or,,ance of Four Herhiace,,s,jecibes, October 1980..

. "ier P lalnt s/Pl ot He it (ci) Cover*-

Carex 1yngbyei 1 2.3 23.2 1.8 . ..

2 5.0 21.3 2.3
3 6.5 24.3 2.8 " .

Caiex sholdonii 1 0.() -- 1.0
2 0.0 0°"1.0

3 . -- 1.0

Poly(yoninj persicaria I 2.5 28. 1 1.3
2 0 .5 19. 7 1 .) 0' .-. ''°"''

3 2.0 11.8 1 .0

Sagittaria latifolia 1 3.3 30.8 1.5
2 6.8 25.3 1 .0
3 6.3 -- 1.0

N.', m v;t lI , , pe rc t, , L- 1(0 percent; 3, 11-25 perceit

I%%. 'Ii,' ),,,wth m d :,trviv,jI (d Sagittaria in the first months -

-Ifter p it,1,1 1n ,, '[ , I( ) .it, th,. w iIli I ' ,,s.,ge iidicated that this sIte-

I f-,w,'m an t ,,I urth t r rcmmI t h. A rupl i -t+ tm l xxlm(.rilmene t was cs t lhl 1 shiod

To IS f 1 f 0 IV V .. ....b ..-i
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in 1981 in which duck potato was planted in exposed and enclosed plots.

Enclosed plots were covered with 2-in. woven poultry wire. These p]ants

performed well , as in the previous year. Some of the plots exceeded

90-percent cover. Waterfowl grazed the leaves and petioles of the ex-. ---.

posed plants as in 1980. During the fall of 1981, muskrats and watter- -.-.

fowl ext i rpated plants in and around the exposed ) Jots but (Iid not ap- " _

pear to enter the covered plots. Ii the spring of 1982, duck potato ,

was observed around the periphery of the extirpated area, but very few

plants grew within the covered plots. Survival on a plot basis was

50 percent and, on a per plant basis (one shoot system equaling one

plant), the survival was below 10 percent. The low recovery within the

covered plots appeared to be due to siltation. Si It i i the covered

plots was 3 to 6 cm deeper than on the surrounding area.

Transp2lant Performance - Sand Beadt

156. Iln June 1979, a shoreline experiment was established on a

sand beach that consisted of three contours of plots containing the same

species planted at the control pool except for 'ornus stolonifera. Two

of the contours were in the drawdown zone, with a maximum inundation of '.

2 ft on the lowest Lier. The uppermost tier was just abov, gross pool

elevation. During the third week after planting was completed, two

windstorms struck the site. In all , the resultant wind and wave act ion

removed or covered 86 percent of the plots. ReestabI i shment of the ex-

periment was economial Iy impossiblev. At the end of the 4-year study,

the site contained eighteen surviving plots or 6 percent of the original

324. Fourteen of these were woody plots and four were herbaceous plots.

Five woodty plots remained on the second tier and the rest were oi the ___-__

t hi rd t i er. One of the four herbaceous plots was on the second t ier

whi le tie other four were oft the upper tier.

157. Softstem bulrush (Scirpus validus) was the only he rbaceous

spccies that was not washed out or buried. Growth of this species was

stable, with only small changes in the area covered during the first

three seasons. However, in 1982, bulrtush began to expand laterally

.Ai
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through rhizome extension. Other herbaceous species that survived on

the third (not inundated) tier were tufted hairgrass (Deschampsia caes-

pitosa) and the sedges Carex vulpinoidea and C. rostrata. Rodents
I ~

*grazed heavily on hairgrass, and by July 1982, hairgrass cover was less
2

*than 10 cul Two clumps of Carex vtrlpinoidea flowered in 1981 but

* failed to flower in 1982. Foliage was chiorotic in 1982. Wildlife ap-

parently did not use this species. Cover of Carex rostrata increased____

substantially during the four seasonis. It flowered each year after the -

first season, but was chronically cirlorotic.

158. A surimary of the woody plant survival is given below. The

mean number of plants per plot surviving was calculated on the basis of

the plots that remained after the windstorms.

____Secies Tier 2 Tier 3

Sambucus cerulea 0.0 0.0

Sal ix fragilis 2.5 3.0

Elaeagnus angustifolia 4.0 4.5

Morus alba 5.0 8.5

Salix purpurea 0.0 1.0

Rosa multi flora 0.0 2.0

Ribes aureun 2.0 2.0

Salix lasiandra 0.0 0.0

Robinia pseudoacacia 0.0 0.0

159. Mulberry (Norus alba) suirvived in the greatest niimbers while

crack willow (Salix fragilis) achieved thme best growth. In March 1982,

several crack wi I low plants were cut to time soil surface by b~eaver, but

* they had reg rownr subs tantjal ly by July 1982 . The growth of c rack will ow

and golden, currant (Ribes aureum) approached or exceeded the growth of

the same spec ies on t he fouirth t i er of the cont rolI pool.

1 60). Al thouigh species I requericy anrd density were riot dete rmn te

for pioneer species at Bobbie's Beachii, genera i notes were taker). The

f ir st yeaitr , t i ve pioniie er v eg etLa t ion c uo s is t Ed 1 r i na ri Iy o f c o cklIeb)u r

(Xanthium spp. ) amid russian thistlIe (Salsola kali) with scat tered four- - ----

o'clock (Oenothera spp.) plants.

81
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161. In 1981, the dominant volunteer species was white sweet-

clover (Melilotus alba) down to the high-water mark with a scattering ofL Xanthiwn spp., Canyza spp., Rumex crispus, Olenothera spp., Salsola kali,

big sagebrush (Arteniesia tridentata), and cheatgrass (Bromus tectorum).

In 1982, the single herbaceous check plot contained cheatgrass and sedge

(C. rostrata), which invaded fromt the adjacent plot. The second tier

woody check plots contained sparse cheatgrass and a mixture of the pre--__

viously mentioned species with no single species dominant in either fre- .

- dquency or cover. One of the woody check plots on the third tier washed

* out and the other contained cocklebur, fo',r o'clock, and cheatgrass.

- ~The climax community could be riparian in nature with the colonial wil- .i>

*low species Salix exigua extending into the site, or the climax c onmut- -.46

- nity could consist of sagehrush, bitterbrusi, and cheatgrass. This corn-

* ~munity is tbe dominant rangel and commnnit y of the surrounding hillsides.

162. The sirivivinog woody pl ants mnost resemled plants on the

*fm ort h t i t r of the con t ro I poo I alIt hough none of' t hc species exceeded

the jperfornlance of control pool species. Russian olive (Elaeagnus

arigustifolia), for instance, was Short and spindly compared with plants-

of this species at the control pool. lultifiora rose (Rosa multiflora),

crack-willow (Salix fragilis), and Salix purpurea var. nania flowered.

The r-enai n i ig spec ies d id not.

163. After the loss of plots during the first season due to ero- -

* SI Ol and and dpsioeach stablIization and plant ing-techniqie

* *t d ~;we-re tidiertakejii. The first .tudy consi sted of three similar

t e chi i qut-e On het( lowest l evelI reed rol1]s constructed from woven

pol t ~vwire 11;, threeIt plant Spe(cieS (Soft-tmhlrs(S ir us

v'-icis~~) and the sedgt-s Carex rostrata and] C. obnupta I were used . Reed

,ol~iuroe par( i~il Iy buried in the- soil andi weighted with rocks. T[ e e

coe 1 -- e'I t t w i Ie d to ItI tf i g t i iof ceba r d ri v r I IutshI w jIth

10 4 i' i:, r',i t, i~ii 12 ini. hi ghli )it tie( hank-< , 10- by 10-ft

f I'~ Io il w''c ,'Vlfuuitcd. P1 ),t wcre l :v.,ted to a de-pth :f 8 in. ..

L m htenr Pe- I fleieg 111, f t he w i I Iovw SalIix ex igua we r.. pla ced iin t he

-X(~~~~~ ~ ~ ~ ~ UI~i :on rorp .-.*i to t e S o .p't t e e ti .p o a
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covered. Intermixed with these branches were several 10-ft lengths of

white mulberry (Morus alba) cut from a nearby bush. The willow was col-

lected from a nearby riparian area. Mats were anchored using two 10-ft

lengths of rebar laid parallel to the shore and across the branches. - -

Three-foot lengths of rebar, driven flush with the soil surface, were

attached to the longer sections of rebar to anchor the mats. Baling

wire also was interwoven through the width of the mat in four places.

Finally, the willow mat was covered with sand to the level of the origi-

nal soil surface.

165. The third planting technique evaluated willow fascines

(bundled cuttings) for bank stabilization. This consisted of placing

12-in.-diam fascines constructed from 3-year-old Salix exigua branches,

in trenches 10 ft long and 1 ft wide. Fascines were anchored with

three live willow stakes per side and covered with sand to the original

soil depth. Fascines were located 1 ft higher on the sand bank than

the wi l low mats. All treatments (planting methods) were replicated WE

four times. -

166. The vegetation in the reed rolls survived 2 to 3 weeks, but

did not become established. Willow mats and fascines produced some

shoots, but these either did not emerge or subsequent sand deposition

buried them. At the end of the growing season, no shoots were present.

167. One of the wattles sprouted and survived to the end of the

experiment. Salix exigua is a colonial species, but no colonial growth

From the wattles was observed in the two seasons after planting. Aside

from the burial depth of the fascines and mats, which probably contrib-

iited to their failure, the sites underwent considerable sand deposition.

168. The second willow demonistration was established in May 1981,

agai,, using Salix exigua. A trench 24 in. deep arid 50 ft long was dug *
pa ra I lel to arid just iriside the exclosure fence, which was constructed

around the origiinal experiment . Two- to three-year-old rooted branches

that were 48 in. long were planted vertical ly in the trench at I-ft in-

te rva Is . The toranches were anchored by weaving them into 4-in. hogwire MW IF'W

hat was attached to feiceposts driven 4 ft into tie soil. Also, four

20-ft trenches, 24 iii. deep, were dug perpendicular to the shore and -
• . .- . -
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*. planted with willow branches at 1-ft intervals. The willow cuttings , - -

were anchored with hogwire and fenceposts as before. Trenches were -.

,* filled to the original soil depth; thus, 2 ft of shoots extended above

and below the original soil surface. The shoots were also above the ,- -

mean gross pool level, which virtually assured that the shoots would not .

become buried. The willows in this experiment survived well. The fence

row had 86-percent survival, while the perpendicular rows had a mean

survival of 63 percent (range: 45 to 90 percent). None of the shoots

became completely covered, although sand deposition occurred.

169. The plants that succumbed in the rows were generally the

farthest away from the water. Soil moisture was present and apparentlyywe.,* --

adequate throughout the duration of the project at those elevations. The

cause of plant death is undetermined, as is the cause of death of the

five plants along the fence row. Vandals took 6 percent of the plants.

The taht 1]at ion below gives a summary of the growth performance of plants . " "-'"

in this experiment 1 year after estatl ishment

Treatment HiJht (c-m) Cove r (cn /i ant)

Fencerow 107 4,613
Row 1 64 2,192
Row 2 93 3,740
Row 3 77 2,922
Row 4 73 2,452

V; itlues are the nean of 10 p lants. >..

170. I ittle signlifican[ce should he given to tfie difference ill

Vh.ight between plants in the tence row and those in the perpendicular

ws (rows I to 4) sitcc somn erosion occirred along the fence row and

depcjosit 1o)0 oct1(ired antoijg rows I thiroogt ""

171 Th'hs, data are comtparatble to f irst-year or early second-yea r

growth data for otiher wi I low .pccit-,, growit at th( i ont ro I too . Th se

1,p,)ts lirodilc,', colonial sho.,ts lhetw-ei tlc rows. iThese appe aret ill the

!;pri iig of the seuont year and were ctineid to the area above the high-

w:,tr i mark. Th,. lolci--r,w p1 ants did n,t lea., to prolji.' ally clontial" " -

shots. ll tatI Ic'; t f the coloito I shoot: rc'(achd a ht'igfht ot 70 0 mt

arid h ii a rx, I Xi11Att rea of 800 0 2 lby ,Ji y 19)82.
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PART IV: DISCUSSION

172. Although the experimental sites are located in a semiarid

region with rainfall of ]0-12 in./year, an ample supply of water is

available due to the proximity of Lake Wallula. However, extended draw- 01..--

down periods coupled with low rainfall, especially during spring and- --

fall , could reduce survival of t ranspiants and reduce growth. Four-year _

results of this study do not indi cate this to be the situation.

173. Other envi ronmiental1 constraints such as wave action, algal

b looms , i ce ext ract ionf, anid w ildlfIi fe a ct iv ity t ended to impact t he t rans-

plants more than drought effect%. Shoreline protection from these in-

fluenices will be a critical aspect in establishing vegetation.

174. ResultIs of thlis st iidy s;how that transplanted woody species

will tolerate the experimiental shoreline sites better than the trans-

planted he rbaceous species . Above thle max imimi pool l evel1s , volunIItee r ...-...

na t y e he rha ceou s slpe c i vs w i I I uva de (itnij ed s ho re Ii nie afrea s , e spe -

cial ly sandy sites, if both foot aril vehicle t raffic are prevenited.

175. Woody transplants in the- dirawdown zones shouod 1(he of suffi -

ci ent he ight to withstand surface eros ion, wave anid uplIand runoff, depo-

sit ion, and] floodwater depths,. Veget ated aerial port ions shoul d be

a hove ma xinnim water depths i n o rdIer to en sii re ma in tenanice of phys iol og-

calI processes w i Lt hi if the pi ant . iirtti ore , woody species shoi1d be

1)lanitel, iipr ight (vert ical) ini pre ference t o hor izontalI (wat t Ihufg) .

Again, this is to ensure that vegetaited port ions of' the plant are above

nia ximim flood depths anl sand depos ition.

176. TalIe 20 lists those herbaceous spc ci es suitable for shore-

I ie t ransplIaniitIng. Onl y 4 of the 19 tested hierbaceoius species were .

fouind to be un sni table . Genermall y , fivS t he rbaceous spec ies exhibhi ted

reduced surmyi valI, lie ight, ariid cover w ith Iintc reas3inrg flood-pool depth and

flIood du ra t ion)i a t the i mpoiindment % itL e . Only C. aperta , C. rostrata,

C. obnupta, anid E. coloradoensis ma i ita menfd siiff i c ient he ight , survival I

anl cover ini t lie deepest wat I r z.one (3 t o 4.5 1ft Ta laIe 20 c-at- he used kj ' -E

asreference for select ing herbaceons spcissiitable for variouis

iiuinldat i or n ep us.
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Table 20

Suitability of Tested Herbaceous Plants for Zones Located

Just Above to 4.5 ft Below the High-Water Line

of Reservoirs withDaily Fluctuation,

Cen Iral Ore on and Washington

Suitable for Water Pep h of:
3 to 1.5 to 0Oto

HerbaceousSpeci es 4.5 ft 3 ft 1.5 ft PLa n d Not Suitable

*Carex aperta X X

Carex lyngbyei X

Carex nebraskensis x

Carex rostrata X x X

Carex obnupta X X X

Carex sheldonji X

Carex vulpinoidea X XWe

Deschampsia caespitosa X X X

Eleocharis coloradoensis x X X

*Eieocharis ovata X

*Eleocharis palustris X X

Juncus balticus X X

Juncus effusus X X

Polygonum persicaria X

*Sagittaria latifolia X X

*Scirpus americanus x X

*Scirpus va11dus X x

Trifolium wormskjoldii X

* Typha latifolia X
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177. Table 21 lists woody test species and their siiitability to

several inundation zones. Onily two Salix species are suitable for all

flIood dept hs . As discussed above, transplarits should be of sujfficient

siz.e to have vegetated portions above the water surface at all times. W-AW-

For example, S. fragilis t ratispiants should be approximately 6-7 ft,

lonig it planltedl in 3- to 4.5-ft flood zones.

Table 21

Sui tability of TFes-ted-Woody -Plants f-or Zone-s Located

,Jiist Above _to 4.5 ft Below the Hi~h7WaterLine-

o f Reservoirs with Da ily Fluctuations-,

Cent ralI Oregon and Washin~ton

Suitable f-or- Wat-er Depth iof.:
3 t o l.5~ to 0 to

Wood1 y Species 4. 5 It 3 f t 1.5 ft Uyyja nd( Not Suitable

Cornus s tolonifera X X

Elaeagnus angust ifol ia X

No rtv a I ba X x

Ribos auretim X

Robinia pseudoacacia X

Rosa multiflora X X P

Sal ix fragilis X X X X

Salix lasiandra x X x

Salix purptirea x x X

Sainbucus cerulea X

. .. . ... .. ..



,.. . .r7 'r-. 11. 7' -

PART V: SUMMARY k

178. Beginning in June 1979 and ending in July 1982, experiments

were conducted to determine the suitability of 29 native and naturalized

riparian species for use in reservoir shoreline revegetation projects on

the Columbia and Snake Rivers in Oregon and Washington. One experiment

was established in a subimpoundment in which water fluctuations were con-

trolled by the investigators, and two experiments were conducted on natu-

ral shoreline sites: one on a mudflat site and the other on a sand

beach site. Water fluctuations on the shoreline sites varied according

to the dictates of power, navigational, and fisheries needs.

179. The impact of weather arid wildlife confounded treatment '

(flooding) effects on plant growth and survival on the shoreline sites.

The only species that survived on shoreline sites for four growing sea-

sons was softstem bulrush (Scirpus validus). Plant performance was much

better in the control impoundment, where the effects of wave energy, pro-

longed periods of inundation, weather, and wildlife were minimized. In

the control impoundment, where the water fluctuated regularly, the most

successful species were willows (Salix fragilis and S. purpurea var.

nana), dwarf spikerush (Eleocharis coloradoensis), and two sedges (Carex

obnupta and C. rostrata). Inundation depth arid duration, which were

directly proportional in this study, had a marked effect on the perfor-

mance of other species.

180. These experiments identified several species that are suit-

able for shoreline revegetation of the drawdown zones of Lake Wallula.
Forces other than inundation that limit plant. establishment in reser-

voirs also were identified, but further research in these areas is

needed. The information gathered in this study, while directly appli-

cable to revegetation at Lake Wallula, may be extended in general to

other power production reservoirs along the central Columbia River Basin

and the Snake River.
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APPENDIX A: SCIENTIFIC AND COMMON PLANT NAMES USED IN TEXT *

Scientific Name Common Name .

Ambrosia spp. ragweed W lw

Artemesia tridentata big sagebrush

Atriplex spinosa spiny hopsage

* Bromus tectorum cheatgrass P'

Carex aperta Columbia sedge L

*Carex lyngbyei Lyngbye's sedge

Carex nebraskensis sedge

Carex obnupta slough sedge

Carex rostrata beaked sedge 4
*Carex sheldonii sedge

Carex vulpino idea sedge

Centaurea spp. star thistle

* Chrysotharnnus spp. bitterbrush

Congza canadensis horseweed

Cornus stolonifera red-osier dogwood

*Cyperus esculentus nut grass

Deschampsia caespitosa tufted hairgrass A

Elaeagnus angustifolia Russian olive

* Eleocharizs coloradoensis dwarf spikerush

*Eleocharis ovata spikerush

Eleocharis palustris creeping spikerush

Eleocharis parvula spi kerush

Epilobium spp. wi ilowweed

Festuca spy'. fescue

Gratiola spp. hedge hyssop

Juncus balticus baltic rush

Juncus effusus soft rush

Lycopsis spp. buglos s

Melilotus alba white sweetclover

Morus alba white mulberry

(Coirit iriii-d)
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Scientific Name Common Name

Qenothera spp. four o'clock *,..

Phalris pp.canary grass

Paanablue grass ~.4

Poa ratesisKentucky bluegrass

Polnum cperliar a pai rass

Populus deltoldes eastern cottonwood

Populus trichocarpa black cottonwood

Portulaca spp. portiilaca

Purshia tridentata bitterbrush

Ribes aureum golden currant

Robinia pseudoacacia black locust

Rosa nultiflora nutfoars

Rtumex crispus curly dock

Saqittaria latifolia duck potato

Salix exigua slender willow . . -

Salix fragilis crack willow . -

*Salix lasiandra yellow willow

salix purpurea var. nana purple osier willow

* Salsola kali Russian thistle -. :.*-: -

* Sanbucus cerulea blue elderberry -....

scirus aericnussword grass

Scirpus validus softstem bulrush

Setaria glauca foxtail grass

* Solanun dulcamara nightshade

Solidago occidentalis goldenrod

Trifolium wormskjoldii clover

Typha latifolia cattail

Verbascum thapsuswoymuei

Ver-bena bracteata verbena

Veronica spp. speedwel I

Xanthium spp. cocklebur
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